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Summary 
 
The implementation of renewable energy in rural areas has been suggested as one of the 
solutions for the future to meet the social, environmental and economical crisis at the same 
time – hence called a triple-win solution.  This is sought exemplified and analyzed through 
my case called the Kudura – a Rural Village Energy (RVE) hub, which can provide solar 
electricity, clean water, biogas and bio-fertilizer to the rural households of the small rural 
village of Sidonge, Kenya. But how is it possible to measure if this hub can be a triple-win 
solution on several levels in a society? Hence, my research question is: To what extent can the 
renewable energy project Kudura be a triple-win solution to the triple-crisis, and how is it 
possible to measure the concept of triple-win solutions?  
To investigate this I have chosen to measure the impact of the Kudura on both a local and 
societal level. The local level is evaluated through three indicators of change – social, 
economical and environmental – with the economical indicator being measured through a 
post-Keynesian macroeconomic framework elaborated on the basis of the thoughts made by 
Jesper Jespersen. The impact of the Kudura on a societal level is analyzed through the method 
of a Cost-Benefit Analysis.  
The two analyses show that the Kudura can be a possible triple-win solution on both a local 
and a societal level. Though, following the discussion, it is important to investigate more 
indicators before landing on a conclusion that can be valid in a broader specter.   
Conclusively, the Kudura seems to be a possible triple-win solution on both a local and a 
societal level, thus meeting the expectations to renewable energy that were expressed at the 
Rio+20 Summit in June 2012. 
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1. Introduction !
This project is inspired by one of the two major themes from the United Nations (UN) Rio+20 
summit1, which was Green economy in the context of sustainable development and poverty 
eradication (UNCSD 2012: Link 1). This theme expresses a promise for protecting the 
environment, and at the same time eradicating poverty, by providing economic growth 
(Ocampo 2012: 3). The need for academic solutions evolves from the connection between 
poverty eradication, economic growth and environmental sustainability, and combining these 
three in a triple-win solution.  
 
The concept of the triple-win solution is based on the concept of sustainable development2, 
consisting of the three pillars social, economic and environmental sustainability (Staur 2011: 
29). The reason for talking about triple-win solutions, is that three main crises can be 
identified in relation to future development: First of all, the world is still socially unequal 
with too many people living in poverty, experiencing hunger and suffering on a daily basis 
(United Nations, 2011). Poverty eradication is following e.g. Gro Harlem Brundtland3 of 
utmost importance to create a sustainable and equal world, which should be done through 
economic growth (WCED, 1987). Secondly, the world is also environmentally in crisis, as the 
environmental changes are felt across the globe - exemplified in the global pollution, rising 
temperatures etc., which can furthermore undermine human development in the developing 
countries (UNDP, 2007). Finally, the world economy is also in crisis, as experienced e.g. 
through the economic breakdowns beginning in 2008 in North America and Europe. On the 
basis of this, triple-win solutions are meant as solutions to create a sustainable development in 
support of social development, environmental sustainability and economic growth 
simultaneously (UNDP, 2012). 
 
During my attendance at the Rio+20 summit4, all side-events I attended regarding poverty 
eradication pointed at the same solution: The implementation of renewable energy (RE) in 
rural areas as a way to reduce poverty through economic growth, and at the same time create 
development in an environmentally sustainable way. “Energy can be used to support !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Rio+20 was the United Nations Conference on Sustainable Development, which was held in Rio de Janeiro in 
June 2012. It marked the 20 years since the 1992 United Nations Conference on Environment and Development 
(The Earth Summit), also held in Rio (UNCSD 2012: Link 2).  
2 See further clarification below.  
3 Gro Harlem Brundtland was the chair of the World Commission when it developed the ”Brundtland Report” 
and she was also the prime minister of Norway at that time (Langhelle 2002: 225). See below in the  
 clarification of concepts. 
4 Through an accreditation by the Danish United Nations Foundation. 
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businesses and achieve greater prosperity. A farmer who irrigates his fields can double the 
size of his crops, feed his family, and earn a living. A sewing machine and a light to work 
from at night can enable a woman to generate extra income for her family. Greater prosperity 
means more disposable income and new markets for consumer goods” (UN – Sustainable 
Energy For All: Link 2). Thus, the experts highlighted RE as a triple-win solution. Let me 
explain this in some further details:  
 
RE has first of all been pointed at as poverty reducing, because access to energy can increase 
the score in the Human Development Index (HDI), and because energy has long been the 
basis for development (Martins das Neves et al. 2009: 1147) & (IEA 2010: 265). Secondly, if 
the prices on RE can be lower than on fossil fuels, which is predicted to happen in the future 
due to scarcity of fossil fuels and thus higher prices on these (Topal 2008: 181)(ENS 2009: 4), 
the poor have to spend less money on energy on a daily basis (which may lead to poverty 
reduction). Furthermore, RE can provide more stable prices, as the prices of fossil fuels are 
rising5 (IEA 2010: 297ff). RE can also be far less harmful for the environment, due to smaller 
amounts of carbon dioxide (CO2) being released into the atmosphere (United Nations 
Foundation 2012: Link 1). Indirectly, the reduction of poverty can result in less poverty 
pollution, which is caused by the necessity for the poor to exploit the nearby environment to 
survive (Jespersen & Brendstrup 1994: 130). Furthermore, the cleaner and better environment 
will also benefit the poor by leading to higher food security and better lives, as the 
environment affects the agricultural yields greatly through e.g. droughts or floods (Casillas & 
Kammen, 2010). Following the UNDP Human Development Report 2007-08, 262 million 
people were affected by natural disasters between 2000-04, where 98% of them lived in 
developing countries (UNDP, 2007).  
I have chosen to include a case in this project to help explore RE and its role as a triple-win 
solution. The case is based on the implementation of RE through a Rural Village Energy 
(RVE) Hub called Kudura in the village of Sidonge, Kenya. The Kudura is produced by the 
Portuguese firm RVE.SOL, and is capable of providing solar electricity, access to cleaned 
water, biogas for cooking and organic fertilizer to the 104 rural families living in Sidonge. In 
the current situation in Kenya, according to the International Energy Agency (IEA), around 
84% of the Kenyan population has no access to grid-electricity (RVE.SOL: Link 5). 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 The role of RE is also expressed through the energy-poverty-climate nexus, which expresses the link between 
RE, poverty and the environment, and how these can affect each other in both positive and negative ways 
(Casillas & Kammen, 2010 and UNDP-UNEP PEI: Link 1).  
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The bachelor module of International Development Studies at RUC is focused on being 
interdisciplinary in relation to different levels of society and different dimensions. The 
context for this project is thus wide, and includes many different fields of subjects at the same 
time, hence this project will not be as focused as it could be. It should also be noted that I will 
not strive to find the single solution to the crisis, but instead investigate RE as part of the 
overall solution. 
On the basis of the above mentioned, I have the following research- and work questions: 
1.1. Research question 
To what extent can the renewable energy project Kudura be a triple-win solution to the triple-
crisis, and how is it possible to measure the concept of triple-win solutions?  
1.2. Work questions  
1. To what extent can the Kudura be a triple-win solution on the local level, as some 
experts at Rio+20 suggested?  
 
2. To what extent can the Kudura be a triple-win solution on a societal level?  
 
3. How can the concept of triple-win solutions be measured, and is it reasonable to 
measure these three concepts in one? 
1.3. Clarification of concepts 
Renewable energy (RE) is based on renewable resources, such as wind, sun, geothermal heat 
and water, which are frequently applied as inputs to the earth (Jespersen & Brendstrup 1994: 
89), and are perceived as inexhaustible and clean (UN – Sustainable Energy For All: Link 1). 
These are different from the non-renewable resources, which are mostly used for energy 
consumption, e.g. coal, oil, gas etc. (Jespersen & Brendstrup 1994: 26f), and the restoring 
resources, which are mostly used in the primary production, e.g. fish, other animals for 
hunting and crops, but also forests and biomass (ibid: 27ff).  
 
In 1987 the term sustainable development was introduced by the World Commission on 
Environment and Development (WCED), also called the Brundtland Commission, in the 
report called “Our Common Future” or “The Brundtland Report”, and was described as a 
three-dimensional concept, including economic, social and environmental sustainability 
(Staur 2011: 29). Furthermore it was described as a”[…] development that meets the needs of 
the present without compromising the ability of future generations to meet their own needs” 
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(WCED 1987: 43), which is still a highly used sentence in relation to the sustainability 
dialogue today. 
 
Triple-win solutions are solutions aimed at the three strands of sustainable development 
(economic, social and environmental sustainability), addressing the current crises in these to 
strengthen them all at the same time (UNDP 2012: 5).  
 
The local and societal level are defined more thoroughly below, but in general include two 
different scopes of analysis in relation to their geographical width.  
1.4. Analytical framework 
My analytical framework for this project is designed as following:  
 
 
Figure 1: Project design (own elaboration) 
 
First, an introduction will be made to the theoretical framework, the macroeconomic thoughts 
by Jesper Jespersen. This will be used to analyze the economical impact of the Kudura on a 
local level. 
Secondly, the methodology will focus on how I can measure and evaluate the impact of my 
case. This will be done by exploring how to measure the impact of the Kudura on a local level 
through three indicators (social, economical and environmental) in relation to each strand of 
! 8!
the triple-win solutions. Furthermore, I will introduce the method of Cost-Benefit Analysis 
(CBA), which I will use to analyze the impact of the Kudura on a societal level. The two 
levels should not be thought of as contrary, but complementary.  
Thirdly, the two analyses will investigate the two first work questions – regarding the ability 
of the Kudura to be a triple-win solution on a local and societal level.  
Finally, the discussion will address the third work question, and evaluate how the measuring 
techniques chosen, have influenced the results of this project, and estimate how or if it is 
reasonable to measure the three concepts of triple-win solutions in one. This is meant to 
evaluate the validity of the conclusion. 
Through the above-mentioned I hope to be able to provide a solid and reliable conclusion at 
the end of my project. 
1.5. Scope of the project 
 
Based on the above-mentioned introduction, I will now present the spatial, temporal and 
substantial scope of this project, and thus its delimitation as well. 
 
Spatial:  
Local level: The spatial scope on a local level will geographically focus on the village of 
Sidonge, a small rural village with 104 families as inhabitants located in the Western part of 
Kenya, close to the Ugandan border (RVE.SOL: Link 5). 
Societal level: The spatial scope on a societal level will address the national level in Kenya, 
and in relation to the production/assembly of the Kudura in Leiria, Portugal (through the 
transportation of its parts from the producers to RVE.SOL in Leiria, Portugal), and the 
transportation of the assembled Kudura from Leiria, Portugal to Sidonge, Kenya (via the ports 
of Leixões, Portugal and Mombasa, Kenya).  
 
Temporal: The project will be focusing temporally on the lifetime of the Kudura, meaning 
the production and transport of it, and furthermore its expected 20-year lifetime in Sidonge, 
Kenya. I will not include what will happen with the Kudura when its operational lifetime is 
over, as this is a step yet to be explored by RVE.SOL. Furthermore I will not address the 
possibilities of scaling-up the idea of the Kudura in the future, though I have made some 
thoughts about this in appendix 6. 
 
 
 
! 9!
Substantial:  
Theoretically, the choice of Jesper Jespersen’s macroeconomic thoughts means that I have 
chosen Jespersen’s mindset. Jespersen is inspired by the British economist John Maynard 
Keynes  (1883-1946), who was the so-called founder of the macroeconomic theory, via the 
publishing of his book The General Theory of Employment, Interest and Money in the 1930s 
(Jespersen 2009a: 25f) – thus the project will have a post-Keynesian inspired approach. 
Keynes was the first to argue that the economy is more than the sum of its microeconomic 
parts, as it is also the interaction and dependency between these different actors and flows 
(ibid: 200f), and we should therefore strive to understand the economy as a whole (Jespersen 
2002: 70). Keynes believed that the market forces are not self-regulating as Adam Smith 
before him had argued (Jespersen 2009a: 213f), due to the fact that he believed that no market 
force by itself can create full employment in a society (ibid: 204). Instead of Smith’s invisible 
hand, he believed that we need a controlling hand through a mixed economy. Though he 
emphasized that on a local level, it is still important to leave the market to itself to the greatest 
extent possible (ibid: 213f). He also focused on the demand (through e.g. focusing on 
employment), and not on the supply (and how it can create its own demand) as Adam Smith 
was focused on (ibid: 204ff).  
 
Due to the scope of this project, I have demarcated myself first of all from discussing the 
macroeconomic thoughts of Jespersen in relation to other macroeconomic approaches, e.g. 
Adam Smith, as he is the most obvious contrast to Keynesian-inspired approaches, due to the 
differences regarding the role of the state/market and demand/supply. In general it could have 
been interesting with a discussion on how economic growth should be.  
This would, secondly, also imply discussing the thoughts by Jespersen in relation to questions 
on if there should be growth at all6, and with this the extent to which it is acceptable to use the 
environment. The choice of Jespersen affects the extent to which it is acceptable to use the 
environment in the production, as he accepts a short-sustainability rather than a long-!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 Jespersen and Brendstrup argue that a limit to growth is a fact, and that we should not waste anymore time 
arguing if growth should be increasing or stable in the future. As part of the current growth is based on non-
renewable resources, to keep it steady and at a zero-growth level, we will still need these resources. Furthermore, 
the size of the population is a crucial factor for why growth is still necessary. First, as long as the family is the 
primary social network, many children will still be born in the developing world. Secondly, even though the 
fertility is being reduced on a global scale, and even though these children may not get as many children as their 
mothers did, there are still more women now than before, who are going to give birth to children. This means the 
global population in total will still be increasing. The size of the population is also increasing due to higher 
average of living age (Jespersen & Brendstrup 1994: 133f). As the only effective means to stop population 
growth is a higher level of welfare in the developing countries (ibid: 105), an increasing use of energy and 
production will be needed to fight poverty in the developing countries. Therefore, the role of the economy is to 
price the non-renewable resources to stop the use of them and to make room for the use of other resources and 
production methods (ibid: 22).  
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sustainability7. Jespersen and Brendstrup believe that the use of non-renewable resources is 
inevitable, even if the aim is a zero-growth, and thus suggest pricing the environment to use 
the resources to their full potential (Jespersen & Brendstrup 1994: 133f).  
 
In relation to the subjects included in this project, it could have been interesting to discuss the 
concept of poverty as well. Poverty can range from indicating living standard, well-being or 
quality of life, but could also have included questions of what creates poverty, as it can be 
influenced by external factors such as economical flows (e.g. in relation to trade), political 
structures etc. (Mikkelsen 1997: 146ff). In this project I have focused on the economical 
poverty, and how this can affect other parts of life - it could have influenced the results of this 
project significantly, if poverty was defined as e.g. gender inequality instead.  
 
Lastly, it should be noted that I have also made other and more specific assumptions in this 
project, which will be addressed when relevant.  
1.6. Critique of sources  
It is important to question the data sets used in a project, which can be categorized following 
as 1) the data used in the calculations, and 2) the data used as sources in the analyses and 
discussion. 
 
First of all, the data used in the calculations is very important to consider, as it will determine 
the output of this project. I have strived to find data as locally focused as possible, and 
furthermore I have aimed at using acknowledged and reliable sources. I have used multiple 
datasets made by RVE.SOL, which should be questioned by their creditability, as private 
sources can have certain agendas. Representativeness of these documents should also be 
questioned, meaning whether or not all sides of a situation are addressed (Bryman 2004: 
387f). To get more reliable results, I have crosschecked the numbers of these data sets where 
possible, which in all cases have proven that the numbers from RVE.SOL were consistent 
with other data. As I have elaborated all the calculations, it is also important to consider the 
subjective interpretation of the data (ibid: 70f). Furthermore, the use of secondary data in this 
project can have some disadvantages in relation to the validity of the results. First of all, a 
lack of familiarity with the data used can make the data invalid if interpreted wrong. 
Secondly, the quality of the secondary data should not be taken for granted, as it is not !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7 Short-sustainability is to accept using fossil fuels as long as they are priced – long-sustainability is to preserve 
the fossil fuels, as not to use them up entirely, and thus only accepts the use of renewable resources for energy 
(Jespersen et. al. 2007: 239ff). See under the critique of the CBA for a further introduction.  
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guaranteed by anyone (ibid: 205). I have addressed these concerns by clarifying the basis of 
the data found, to avoid misunderstandings or including invalid sources.  
 
Secondly, I have used both official and private documents in this project. In general, in 
relation to the official documents, their authenticity and trustworthiness will seldom be a 
problem, if the source is acknowledged. Though, the representativeness can be questioned, in 
relation to the different political and economic interests of the sources (Bryman, 2006).  
The private documents used, mostly created by RVE.SOL, will be subject to the same 
concerns as the datasets mentioned above, as the representativeness of these can be 
questioned.  
1.7. Introduction to the case: The Kudura 
The case chosen for this project is the Rural Village Energy Hub (the Kudura) developed by 
the Portuguese firm Soluções de Energia Rural Limitada8 (RVE.SOL), which was founded by 
the Portuguese/South African engineer and entrepreneur Vivian Vendeirinho (RVE.SOL: 
Link 1 & 13). The Kudura is their pilot project and was implemented on 11th of November 
2011 in Sidonge ‘A’ (ibid: Link 5). The concept behind the Kudura is to lift families out of 
poverty by creating new opportunities for communities to develop in a sustainable way (ibid: 
Link 4). The difference from this project, compared to other RE projects, is that it provides 
more than one deliverable (solar electricity, clean water, biogas and bio-fertilizer) in one 
solution. This is because Vendeirinho believes, that not only energy but also the other 
deliverables are important for poverty reduction (ibid: Link 12), as he believe they are some 
of the determining catalysts to make a change (ibid: Link 1).  
The life in Sidonge 
600 people, divided into 104 families, are living in Sidonge (ibid: Link 5), and the local 
economy is agricultural subsistence farming9 (ibid: Link 6). 90,2% of the families are food !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8 Rural Energy Solutions Limited 
9 This means that it is a form of farming ”…in which nearly all of the crops or livestock raised are used to 
maintain the farmer and the farmer’s family, leaving little, if any, surplus for sale or trade” (Encyclopedia 
Britannica: Link 1). There are two rainy seasons a year; from March to May and again from August to October. 
Therefore, the weather supports two cropping seasons a year, though crops are grown all year round (Thuku 
2011: 31). 80% of the families are involved in farming and keeping of livestock, and 98% of the families have 
small pieces of land or at least have the right to use the land, where they practice subsistence farming. 84,8% of 
the families have livestock, of which poultry and cattle are the most common, being respectively an average of 
6,4 and 3,2 animals per family (Nyamolo 2011: 10f).  RVE.SOL explains it like this: The land you live on is 
your family’s and has been that way in many years back – it is your family’s property. When it was your 
grandparents’ time to share it, they were e.g. 4 brothers that should share e.g. 10 km2, and got 2 km2 each. The 4 
brothers all got children and grandchildren, and therefore in your generation, you are now 20 men who have to 
share the land of still only 10 km2. The land will be overused, with a reduced amount of crops and a smaller 
piece of land per new family to feed itself – and you will not have the chance of getting more land, because this 
will cost as well. This is subsistence farming (RVE.SOL 2012: Link 16). 
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insecure, as the harvests cannot feed the families entirely. 39,1% of the households can afford 
to have three meals a day, and 57,6%, can afford only two meals a day (Nyamolo 2011: 9ff). 
The main reasons for this is soil infertility10 (60%) and low rainfall (20%) (ibid: 9), and not 
the lack of farming tools, which 86,3% have access to (ibid: 15). Only 26,9% of the families 
use chemical fertilizer due to high costs – this can also explain the low yields (ibid: 19).  
 
Sidonge is located near Lake Nzoia and River Sio, which both drain into Lake Victoria 
(Thuku 2011: 32). This means access to water is not a problem – whereas purified water for 
consumption is, because the water is polluted by the typhoid bacteria (RVE.SOL: Link 5). 
Thus, consumption of raw ground water in rural areas causes many cases of diarrhea and 
typhoid each year, which are not treated effectively without clean water – in Kenya this 
results in over 5 million deaths a year from water borne diseases (ibid: Link 2). The Kenyan 
government has made a borehole for pure water in Sidonge, but it is so expensive that only a 
few families can afford it (ibid: Link 5).  
 
Hence, the river water needs to be boiled before consumption, which is done inside the houses 
over open stoves with firewood or charcoal, polluting the houses and causing respiratory 
diseases. The use of firewood and charcoal has furthermore had the effect of stripping 
Sidonge and the surrounding areas for trees11, which means the shadow is gone and they have 
to buy wood on the markets, which is expensive and unsustainable as well (ibid: Link 5).  
The desire for new pieces of land has destroyed water catchment areas and wetlands, 
destroyed ecosystems and reduced the number of new springs. Finally, unplanned dumping of 
garbage and waste has polluted the environment, e.g. affecting the rivers and the Lake 
Victoria (Thuku 2011: 32).  
 
The kerosene is expensive to buy and can lead to respiratory diseases as well – and 
additionally it can be a safety risk if a lamp falls and burns down a home12 (RVE.SOL: Link 
2). Due to the lack of electricity, the children can only study at night with kerosene lamps, 
and charging a mobile phone can take a whole day of hiking to the nearest town and it 
furthermore costs for the use of electricity. “The result of this lifestyle is a never ending cycle 
of poverty, illness and death” (ibid: Link 3).  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10 The soils in and near Sidonge are red clay, which means that it has a low natural fertility (Thuku 2011: 32). 
11 It is estimated that the average rural family burns 14 tress per annum (RVE.SOL: Link 2). 
12 This actually happened recently in Sidonge (RVE.SOL). 
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The Kudura 
The Kudura consists of a, for the purpose, manufactured standard shipping container (Thuku 
2011: 18). Inside the container it has a battery for storing the solar energy, a biogas and 
organic fertilizer plant, a water purification plant and a central telemetry monitoring system, 
which makes it possible to monitor the hub 24/7 via the internet. It is not reliant on anything 
else besides cattle manure, the sun and raw water as inputs (RVE.SOL: Link 7 & 8), and is 
therefore a stand-alone energy solution in contrast to on-grid electricity (Thuku 2011: 8)(see 
appendix 5 for a detailed technical report of the abilities and the local concerns for the 
Kudura). The Kudura provides solar electricity for lighting up to 20 homes13; purifies raw 
water with ultra-filters into clean, drinkable water for all 600 inhabitants14; produces biogas 
for cooking from cattle manure for 10 families15; and produces organic fertilizer – all this in 
one “hub”. 
 
Figure 2: Illustration of the Kudura (RVE.SOL: Link 11) 
 
The Kudura business model16 
“With the arrival of the first Rural Village Energy Hub (RVE), we intend […] to demonstrate 
that our model is sustainable and life changing. The Sidonge community is heavily involved in 
the planning and implementation of the project, which ultimately they will own, ensuring its 
long term success” (RVE.SOL: Link 5). 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13 120W to 20 homes currently on a daily basis, which is enough for two lamps, mobile phone charging, a radio 
and a small TV. This small amount of electricity is sufficient to cover the basic needs of a rural family in 
Sidonge (RVE.SOL: Link 9). 
14 The water filtration system is capable of providing 3000 liters of clean water per day, meeting the WHO 
recommended 5 liters a day/person for all the 600 inhabitants of Sidonge (Crespo 2012: 16). 
15 For 10 families, 3 hours a day, using 125 liters/hour on a single burner stove (RVE.SOL: Link 10). 
16 See appendix 3 for an illustration 
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Their business model starts by making contact with local governments and partner NGOs, to 
find economical funding for establishing a development loan to the rural communities to 
finance the Kudura and the additional needed infrastructure. A community self-help group is 
established by the village to manage the Kudura, and manage the distribution and prices of 
the services. The community benefits from the Kudura by selling their cattle manure and raw 
water at market prices to the Kudura, which are needed as input. The community also benefits 
from the clean water, clean energy and organic fertilizer, which are sold for affordable prices 
in the community (at the moment paid via a “pre-pay-for service” solution (ibid: Link 7)). 
These services help increase the yields (and by this the food security), and will save the 
farmers a lot of time collecting water and wood, which they instead can use on income-
generating activities and schooling. The payments from the villagers for the services provided 
by the Kudura should, following the business-model, help pay back the development loan and 
maintenance of the Kudura. This will lead to a rural population that is independent and profit 
creating in an environmentally sustainable way (see appendix 3). This means that financial 
resources that would have normally left the rural community for the purchase of medicine, 
firewood, coal and kerosene, will stay in the community, and thus, the Kudura uses local 
resources to address the local needs (Vendeirinho 2012).  
 
The first eleven months of the pilot project (from November 2011 to September 2012) 
demonstrated the technology is functioning, but there is a lack of responsibility and financial 
accountability in relation to the management of the project, which needs to be addressed. The 
next 6 months (from September 2012 to Marts 2013) will be an experiment to implement the 
project as a local business, so it will be more economically sustainable in the long run (ibid).   
 
1.8: Appendixes 
 
In support of this project, several different appendixes have been created. The appendixes 
have been listed below: 
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2. The macroeconomic framework  !
The theoretical framework of this project will be based on the post-Keynesian 
macroeconomic thoughts made by Jesper Jespersen17. This will be used to evaluate the 
economic impact of the Kudura on a local level and as a supplement to the CBA on a societal 
level.  
Below, I will introduce the GDP (Gross Domestic Product), followed by an overview of the 
positive and negative externalities there can be to an economy.  
2.1. The GDP 
The GDP is the core of macroeconomic theory, as it can express the economic growth and 
development of a country (Jespersen 2009a 20). The GDPm (in market prices)18 of a country 
can be expressed in the following equation (ibid: 44):  
 
Y/GDP = C + G + I + (x-m) 
Yield/GDP = private consumption + governmental spending + investments + (export - import) 
 
The economy consists of many different parts and flows, which are all worth mentioning 
when it comes to analyzing a country’s economy and development (ibid: 60). Below, the 
different factors of the GDP equation will be introduced.  
Consumption, C 
The simple income-generating model can exemplify how income is used in households (on 
consumption/savings), and how this can impact the country as a whole. Following Jespersen 
the private consumption is a big part of the national GDP, and the development of the 
household income can have a very big influence on the private consumption on a societal 
level (ibid: 73). 
Households get their income from work (W) and residual income (RI), which they use for 
consumption (C) and savings (S). This can be expressed by the following equation (ibid: 64): 
 
W+RI = Y = C+S 
Work + residual income = income/yield = consumption + savings 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
17 Jespersen has been a professor of economics at the Department of Society and Globalization at Roskilde 
University since 1996 (RUC: Link 1).  
18 The GDPm is different from GDPf, as the GDPm includes the taxes put on the products when they are to be sold 
on the market, instead of only the actual costs of producing them (Jespersen 2009a: 44).  
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The consumption and savings (C+S) will always equal 1 (or 100%), as the income generated 
will be used on these two areas. Savings can be measured through a rise in the financial 
assets. Savings made in the bank are often used as loans for new investments in a country. But 
if the savings increase too much, it can decrease the investments in the long run, as the firms 
will expect a lower demand for their products, which can result in a reduction in employment 
(ibid: 89f). Paying back debt or paying to a pension account, can also be perceived as savings 
(ibid: 47).   
 
The macroeconomic production function (ibid: 69) explains the long-term developmental 
tendencies, where the capital is increased with the implementation of new technology or 
investments: 
Y = f (K, L, R) * tek 
Yield = factors (Capital, Labor, Resources) * technology 
 
The production will follow an estimated level of consumption/demand and will not employ 
more people than necessary to meet this demand (ibid: 65f). The multiplier effect shows that 
an increase in demand will increase the production even more than normally, because the 
macroeconomic system will intensify the effect (ibid: 75). This will create employment and 
increase the income, which again will create an even higher demand (limited by the income 
taxes)19. The labor will, as mentioned, be determined by the amount of production needed 
(ibid: 69f). The increased demand will send the multiplier effects through the society – 
smaller effects in countries with high income taxes and welfare states, and bigger effects in 
countries without these services, such as developing countries (ibid: 76ff). Thus, to reduce the 
unemployment, the demand for products needs to be raised (ibid: 140).  
Investments, I 
Investments can both be financial assets, such as soil and property, but can also be produced 
e.g. buildings, infrastructure, machines, transport etc. But investments will only create new 
employment, production, income and social capital (K) in a society, if they are newly created 
(real investments)20. The real investments should be considered as a demand for new 
products, and will therefore increase the production, labor and technology as mentioned above 
(ibid: 83)21.  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
19 The income can more precisely be called factor income, and if taxes are removed from this it is then named 
the disposable income (DY)(Jespersen 2009a: 74). 
20 This is because the sale of old assets will not generate anything new, as they are only removed from one hand 
to another (ibid: 83). 
21 The accelerator effect is the one determining that as soon as the production decreases, the demand for 
investments will decrease as well, creating a recession (Jespersen 2009a: 88). 
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Following Jespersen, education can also be seen as a real investment. It creates employment 
for the teachers needed, and a higher level of education will strengthen the quality of the labor 
force and enable a more rapid use of new technology in the future (ibid: 84). 
Foreign investments in developing countries can be good as long as they are accompanied by 
knowledge, technology and environmental standards, as well as restrictions not to bring these 
back out of the country again (Jespersen & Brendstrup 1994: 139).  
Export and import, X - M  
The export is determined by the foreign demand for products, and therefore the export is 
determined by the growth in other countries, their trade barriers and the ability of the national 
firms to compete in the international competition (Jespersen 2009a: 103f), e.g. through lower 
wages, lower national prices etc. (ibid: 111f).  
The amount of imported goods has a strong influence on the economic development of a 
country. The import will also partly be determined by a country’s competitiveness (ibid: 
108f), and by the production sector of a country, as this will influence how many different 
products and parts for production a country can produce on its own (ibid. 103f).  
 
The positive development of one country’s competitiveness will necessarily imply another 
country’s negative competitiveness (ibid: 106f). A positive balance of payments can be 
achieved through increasing the competitiveness (produce to balance) or reduce the demand 
for foreign products (save to balance)(ibid: 109). Following Jespersen, the competitiveness is 
influenced by four factors in total: The amount of export, the amount of import, the terms of 
trade, and the foreign debt22.  
Government spending, G 
The public sector includes the state, the public enterprises, regions and municipalities (ibid: 
40). When the state spends in one area, is has to make cuts in another area – but this is also 
influenced by e.g. the rate of unemployment and taxes paid to the state (ibid: 154).  
The government spending, G, is a spending on products and services that create factor income 
(Y) and transfer income (TR), which affects the disposable income (DY)23. Therefore the !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
22 The balance of payments regards the profits and the expenditures associated with the foreign trade current 
accounts – and in relation to this, the foreign debt.  The foreign debt can only be paid back through a surplus in 
the balance of payments, which means that the income from export should be higher than the expenditures for 
import and interest rates from foreign debt22 (ibid: 99ff).  
23 Government expenditures can either be a) Discretionary (autonomous) and cyclically dependent, or b) Factor 
and transfer incomes. The discretionary (autonomous) expenditures regards concrete expenditures for the state, 
e.g. investments for infrastructure, and are therefore determined by a political will for investing in a certain area. 
The cyclical dependent expenditures are for example social security payments in case of unemployment, which 
will be influenced greatly by the circuit of the economy (a positive balance of payments)(Jespersen 2009a: 155f).  
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governmental spending is part of creating the total demand – this will affect the production 
and employment as learned above (ibid: 157).  
The governmental income is created by the income taxes paid by the households, which 
decreases their disposable incomes. The income taxes are dependent on the rate of 
unemployment, and therefore the governmental income is dependent on the cyclical 
movements of the economy. On the other hand, taxes on property are for example stabile, and 
will therefore help stabilize the governmental income. The taxes can be raised or lowered by 
the government, but through a raise in taxes, the demand is expected to decrease, which will 
influence the production, employment, balance of payments etc. (ibid: 159) – and vice versa if 
the tax is lowered.  
2.2. Positive and negative externalities 
 
The GDP is a sum of different economic components, which can show the joint inputs and 
outputs of a country. But because these components are strictly economical, they put 
constraint on what can be calculated into the GDP equation (Jespersen & Brendstrup 1994: 
114). Following Jespersen, it is important to consider the externalities to the economical 
system, which can be illustrated by e.g. adding the role of the natural resources to the 
economic circuit model:  
 
 
Figure 3: The “green” economic circuit model (Jespersen et. al. 2007: 267 & Jespersen 2009a: 62) 
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Following Jespersen and Brendstrup, the environment should be considered at both a market 
level and a societal level24 (Jespersen & Brendstrup 1994: 16f). Following Jespersen (et. al. 
2007: 243ff), the environmental problems can be explained by how the market works and 
what the market processes lack to take care of (meaning that the decisions on a market level 
always will be short-termed, due to the changing character of the market, it is best to leave the 
decisions about e.g. the use of the non-renewable resources to the state, which can regulate 
the use of them in relation to the future (Jespersen et. al. 2007: 244f). 
 
When a production creates negative indirect effects it is called negative externalities (which is 
in line with the CBAs technique of measuring the societal costs of inputs, outputs etc.). The 
negative externalities are negative bi-products of the production, which are neither supplied 
nor demanded by anyone, and thus not included in the market price (Jespersen et. al. 2007: 
246f). A societal supply curve should express this actual cost of production (ibid: 250f).   
 
There can also be identified positive externalities. As the positive externalities are not 
included in the price of the products either, the products have an extra “invisible” societal 
value. This can following the Jespersen raise the demand curve to a higher level, which can be 
called the societal demand curve.  
 
Following Jespersen and Brendstrup, regulations of the prices to include the societal supply 
and demand curve cannot be created through the market forces, and should thus be created by 
state regulations. This would result in a more efficient, societal market equilibrium (ibid: 
256ff). The “normal” market equilibrium is not economically efficient in comparison to this 
societal market equilibrium, due to the lack of including these externalities (ibid: 250f). 
Concise conclusion 
Thus, the theoretical framework of this project is a post-Keynesian macroeconomic approach, 
which emphasizes a mixed economy approach with the creation of demand as the key to 
success. What is also important to sum up is that we, following Jespersen and Brendstrup, 
should take notice of the externalities of production, to get socially accountable prices.   
  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
24 At the market level the environment is incorporated into the economy through making the market able to 
function properly and through creating an image of what the environment costs. But the considerations are 
needed at a societal level as well, as the use of natural resources should be planned on a longer-term basis 
(Jespersen & Brendstrup 1994: 16f). 
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3. Methodology 
 
This methodological section will investigate how to measure to what extent the Kudura can 
be a triple-win solution on a local and societal level in comparison to baseline. The difference 
between the analyses of these two levels is as mentioned their scope and thus the effects 
included. While the local level will be focused geographically on Sidonge, the societal level 
will be focused on the societal effects of the Kudura in Kenya, in line with considering the 
externalities as Jespersen suggests – hence it has a bigger scope.  
3.1. How to measure local progress in sustainable development and triple-win solutions  
Below I will investigate how to measure the three concepts social, economical and 
environmental sustainability of the concepts of sustainable development and triple-win 
solutions. As mentioned above, these terms will be used as indicators to analyze the impact of 
the Kudura, and its ability to be a triple-win solution, on a local level, in comparison to 
baseline.  
3.1.1. Economical 
I have chosen to use the macroeconomic thoughts by Jesper Jespersen to evaluate the local 
economic impacts of the implementation of the Kudura. Hence, Jespersen’s thoughts were 
elaborated in the theoretical framework for this project. It is important to highlight that my 
intention is not to develop calculations on how or if the Kudura can contribute to the Kenyan 
GDP, but rather use the theory as a framework for analysis. 
3.1.2. Social 
To measure social change quantifiable indicators are needed, as social changes are not 
naturally expressed in numbers. Such indicators can for example be (nutritional) health, 
education, gender equality, rural poverty, diseases and living standard (Mikkelsen 1997: 175). 
In this project I have chosen to measure the social impact of the Kudura on a local level 
through the potential monetary savings made in Sidonge. In accordance to Jespersen’s 
macroeconomic thoughts, savings can be an indicator of an increase in income, and with this 
the purchasing power and the demand (Jespersen 2009a: 64f). In relation to the different 
indicators of social change mentioned above, the savings could encompass changes in the 
economic poverty, the economic inequality in a country, the living standard, and the 
possibilities in life such as investing in education and medical treatment for diseases. Another 
reason for choosing the savings, as the indicator for social change, is that savings play an 
important role in the CBA, as will be elaborated below. Additionally, the savings are 
quantifiable, and are thus a tangible and straightforward indicator to be included in the 
calculations.  
! 22!
Furthermore, as will also be exemplified below, I have assumed the propensity to consume to 
be steady (meaning that the impacted villagers buy the same services as before) - which is 
highly unlikely, due to the fact that the farmers are subsistence farmers - but it can give an 
indication of how big the cost-reduction is between baseline and the Kudura. Thus in this 
project, the word savings will indicate a cost-reduction, and with a steady propensity to 
consume, a saving made in Sidonge.  
3.1.3. Environmental 
I will focus on the CO2 emissions, as the CO2 is important in regard to the use of kerosene, 
charcoal and firewood in Sidonge, and the transportation and production/assembly of the 
Kudura (see appendix 1 & 2). Though, methane will also be included in the analysis in 
relation to biogas and its environmental effect. Furthermore, the focus of this project will be 
on the natural capital as part of the production function (Jespersen 2009a: 69), introduced in 
the theoretical framework, and not on the loss or gain in the nature as an amenity value25 
(Hanley et. al. 2001: 40f).  
 
The environment will, as mentioned, be measured differently accordingly to the two different 
levels of analysis. On a local level, baseline and the Kudura, will be measured by their 
primary environmental effect. Primary effects are intended changes caused by a project, such 
as emission, mitigation or storage (WBCSD & WRI 2005: 11f). On this local level, this will 
also mean, as mentioned, focusing on the environmental changes geographically constrained 
to Sidonge.  
 
In the figure below the primary physical streams of interest for the study are summarized in 
the current baseline scenario:  
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
25 The environment can besides playing a part in the production, provide a basis for activity-based actions (e.g. 
hiking and fishing) and non-activity based actions (wildlife protection of endangered species), which are more 
focused on the amenity value of nature (Jespersen 2009a: 40f).  
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Figure 4: Primary environmental effects, baseline (own elaboration) 
 
There are five major inputs to the local community that are affected by the project: The use of 
firewood and charcoal for cooking and boiling water in the households, the use of electricity 
from the neighboring village for cell phone charging, the use of kerosene for lightning and the 
use of chemical fertilizer for agriculture. Cattle dung is not intended for anything in particular, 
and is therefore marked as waste (though it could to some extent also be used as both firing 
and fertilizer, which could both have an environmental effect). 
 
In the figure below the primary physical effects are showed for the Kudura:  
 
Figure 5: Primary environmental effects, the Kudura (own elaboration) 
 
The Kudura delivers biogas for cooking and clean water, eliminating the need for firewood 
and charcoal. It furthermore delivers solar electricity and thus reducing the need to use 
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kerosene. Additionally it produces fertilizer as a by-product of the biogas process, eliminating 
the need for importing chemical fertilizer.  
 
Following Jespersen and Brendstrup, the price of using the natural resources will depend on 
how well we can use the resources to their full potential (Jespersen & Brendstrup 1994: 21ff), 
and can be established through quotas or taxes on the environmental pollution26. This is e.g. 
done on an international level through the three flexible mechanisms of the Kyoto agreement, 
where the permissions to pollute are traded through the CDM (Clean Development 
Mechanisms), the JI (Joint Implementation) and the IET (International Emissions Trading) 
(UNFCCC: Link 1)27.  
Sum up 
To sum up, the analysis of the local level will be geographically focused on the village of 
Sidonge. This means the social impact of the Kudura will be measured through the potential 
savings experienced by the consumers in Sidonge, and the economical impact will be 
estimated in relation to the macroeconomic thoughts made by Jespersen. Finally, the 
environmental impact will be measured through the primary environmental effects in 
Sidonge, and not beyond. 
3.2. The method of Cost-Benefit Analysis 
 
I will now introduce the method of cost-benefit analysis (CBA). I have chosen to work with 
this method due to its ability to calculate both costs and benefits of an investment project, to 
decide whether a project is feasible or not for the society (Jespersen et. al. 2007: 262). “The 
technique is recommended for the appraisal of publicly financed investment projects in order 
to allocate resources in a way that is most profitable for society” (Thirlwall 2006: 317).  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
26 Following Jespersen and Brendstrup (1994), there are some differences between using quotas and taxes. The 
quotas (as permits to pollute) have to be established by the state, and have to cover less than the actual pollution, 
so the prices due to demand will rise to a proper price. This will also create an incitement to decrease the 
pollution made by a firm, to decrease the expenditures (Jespersen & Brendstrup 1994: 42f). The tax on pollution 
can have a problem with pricing. If the price is set too high, there will be made unnecessary cuts in the 
production – on the other hand, if the price is too low, there will be polluted too much. The pricing also depends 
on the consumers having the full information about what the price includes (e.g. environmental taxes), otherwise 
the price will not match the consumers’ willingness-to-pay (ibid: 43ff).  
27 The CDM concerns countries with commitment of emission reduction can earn more certified emission 
reduction (CER) credits through implementing a emission-reduction project in a developing country, which has 
no commitment of reduction (UNFCCC: Link 2). Through the Joint Implementation (JI) countries with reduction 
commitments can earn emissions reduction units (ERUs) by implementing an emission-reduction project in 
another country with reductions commitments (ibid: Link 3). Finally, the IET, as the name suggests, is where 
countries with commitments to reduction can trade spare ERUs with each other (ibid: Link 4).  
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The CBA of this project will be an ex post28 analysis, which means that it will be used to 
evaluate the costs and benefits of a project (the Kudura) that has already been implemented, 
and by this it will be focused on evaluating if the project has so far been economically, 
environmentally and socially feasible or not (Boardman et. al. 1996: 3). Though, it will also 
be analyzing the possibilities and constraints for the project in the future.  
 
Before introducing the method of CBA, it is important to note the differences between the 
CBA and a business model, such as the one already elaborated by RVE.SOL (see appendix 
3). The business model resembles making a financial appraisal of an investment, which 
considers the investment costs, the operating costs (e.g. labor and raw materials), the value of 
outputs, and the lifetime of the project. Thus it considers the financial flows (cash flows) in 
relation to an investment project, measured at market prices (Thirlwall 2006: 317f).  
 
The differences between the business model and a CBA can be described as the following:  
First of all, the CBA has the advantage of being capable of pricing goods and commodities 
which are not traded on the market, and which do not necessarily have a monetary value in 
themselves – e.g. the value of saved time. The costs and benefits are monetized to make the 
different impacts of the project comparable to each other, which mean that a CBA can be 
calculated as a financial account (Jespersen et. al. 2007: 263f)29. 
Secondly, the CBA can help determine the societal profitability of a project (Thirlwall 2006: 
317). Due to positive and negative externalities of production, the private profitability of a 
project can be positive, but at the same time create a negative societal (economic) profitability 
– or vice versa. This is also described in the theoretical framework, as Jespersen mentions the 
importance of being aware of the positive and negative externalities (e.g. environmental 
changes or price effects on local markets)(Jespersen et. al. 2007: 246). Thus, the CBA and 
Jespersen’s macroeconomic thoughts both try to incorporate the “bigger picture” into their 
evaluations of projects. 
 
This means that the scope of the societal analysis will be broader, thus expanding the local 
level analysis to be societal accountable. As will be evident later on in the analysis of the !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
28 In contrary to this is the ex ante CBA, which evaluates the pros and cons before implementing a project, to 
determine whether or not it is a good idea to even begin the project. This is a standard way of doing a CBA 
(Boardman et. al. 1996: 3). 
29 The CBA is a quantitative method (Mikkelsen 1997: 225). A financial, quantitative analysis can only include 
numbers and quantifiable measurements (Pietras-Jensen 2009: 71), and is based on numerical data (Bryman 
2004: 62). Quantitative research can help compare fine differences due to the nature of the numerical data, and 
can provide a consistent device for comparisons to e.g. other researches (ibid: 66).   
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CBAs, this level will now be able to include more impacts, and can thus change the results for 
baseline and the Kudura. This is in line with including the externalities of production, as 
Jespersen argued above.  
The social impact will through the method of CBA be able to be measured more thoroughly, 
now also including time saved, which can create additional savings in Sidonge.  The 
environmental impacts will include the secondary environmental effects, meaning to some 
extent a life-cycle assessment of some of the factors involved. Finally the economical impacts 
will not only be focused on Sidonge, but through the CBA take all costs and benefits into 
account.  
3.2.1. Steps in performing a Cost-Benefit Analysis  
 
Depending on the author used, different steps in a CBA can be identified. The introduction 
below will be based on the methodological proposition of A.P. Thirlwall30. The steps included 
in this project are the following: 
 
 
 
Below I will elaborate the steps further, though with most emphasis on the most relevant parts 
of the CBA applicable to this project (see appendix 4 for a full elaboration of all steps in a 
CBA). 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
30 There can also be included steps of selecting a portfolio of alternative projects (Boardman et. al. 1996: 7), or 
an engineering study to see to what extent the project is technically feasible (Thirlwall 2006: 317).  
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1. Terms of reference. 
This determines the scope of the analysis, in relation to whose costs and benefits to include 
(Boardman et. al. 1996: 7). The CBA of this project will be consistent with the societal scope 
of this project, meaning focusing on the production and transportation of the Kudura (from 
Leiria, Portugal to Sidonge, Kenya), and the social cost/benefits of the Kudura on a national 
level in Kenya. It will not focus on what will happen with the Kudura when its lifetime is over 
– but this could be highly relevant as it can lead to additional costs and/or environmental 
effects.  
2. Identification of physical impacts of the project 
The impacts for this project have already been chosen on a local level but as mentioned, more 
and different impacts on a bigger, societal level (such as saved time and secondary 
environmental effects) can be identified. To incorporate the broader effects of a project, it is 
important to examine the social costs of inputs, social rate of discount, social costs of an 
investment and social benefits measured at economic (efficiency) prices31, meaning in 
relation to the society as a whole (Thirlwall 2006: 319).  
3. Valuation of impacts 
There are two different methods of valuating impacts. First through domestic market prices, 
where consumption is used as the measurement, and adjusted to the social values, comparing 
domestic and foreign resources through a shadow exchange rate (see appendix 4). This 
approach is called the UNIDO approach32. The second approach is using world prices to 
express the opportunity costs, with public savings expressed in their foreign exchange 
equivalent – this is called the Little-Mirrlees approach (Thirlwall 2006: 319f). Public savings 
are here considered as the savings generated on a societal level, thus both including the 
savings experienced by the households on a local level and the rest of the society. The Little-
Mirrlees approach will be used in this project, as it is the easiest to work with, because the 
shadow exchange rate with the amount of time, resources and capacity available for this 
project, will be very difficult to find or estimate. Though, it will only be used to the extent 
possible, as it is still very difficult to find all numbers necessary. Furthermore, even though 
the foreign exchange is chosen as the numéraire (the measuring unit), Little and Mirrlees 
emphasizes that it does not have to be expressed in foreign currency, but a price that shows 
how much net foreign exchanged is earned (Thirlwall 2006: 320) – in this project all prices 
will be expressed in US dollars.  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
31 Efficiency prices are prices that express their societal costs and/or benefit – as mentioned in the theoretical 
framework in the section ”Positive and Negative Externalities”.  
32 See appendix 4 
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3.1. Valuing the social costs and benefits of the market prices of goods and factors of 
production 
Some of the factors influencing the market prices of goods are subsidies, government-
imposed taxes, tariffs, controls, imperfections in the market, and the positive and negative 
market externalities. Adjusted market prices to their social costs and benefits can be called 
“economic prices”. But how is it possible to find the economic price of a product? Using the 
Little-Mirrlees approach33, the economic price can be valued through, a) its value: If a project 
reduces imports or increases exports, or b) its costs: Evaluating the costs of importing it and 
analyzing if its implementation has led to a decrease in exports. Furthermore they point at 
different techniques to value both traded- and non-traded goods (Thirlwall 2006: 322ff). This 
will not be elaborated more here, as the Kudura is too local to influence the import/export 
ratio yet – though this will be mentioned in relation to the theoretical framework and analysis 
of this (see appendix 4 for the full elaboration). 
 
The social costs and benefits of the factors of production (consisting of the production 
factors capital and labor) do not express their social costs either. Adjusted market prices for 
factors of production can be called “shadow prices”, and represent the opportunity cost of 
production, measured by the marginal product in alternative uses (Thirlwall 2006: 320f). As 
mentioned earlier, following the Little-Mirrlees approach, the opportunity costs are measured 
in public savings measured in foreign exchange (ibid: 319f). This valuation method will be 
used to valuate e.g. the secondary environmental effects of baseline and the Kudura.  
 
3.2. The shadow wage rate – the social costs and benefits of labor 
Following the Little-Mirrlees approach, the price of labor is the most important to consider 
when analyzing the difference between the market prices and the societal costs and benefits 
(ibid: 325). The societal costs and benefits of labor are expressed in the shadow wage rate; a 
measure of what labor should include in its costs and benefits to be socially responsible.  
 
The social cost of the use of more units of labor can be measured in two ways: Through the 
opportunity cost of labor in alternative uses (other sectors of the economy), and through the 
present value, PV, of sacrificed savings (Thirlwall 2006: 326).  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
33 On the other hand, following the UNIDO approach, the economic price can be found by adjusting domestic 
prices to their true social value and compared to foreign goods through the shadow exchange rate (Thirlwall 
2006: 321). 
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First, the opportunity costs of labor in alternative uses can indicate a direct loss of income for 
the workers who migrate from agricultural production to the industrial production (Warr 
1983: 240). This is because in dual34 economies, which are typically found in developing 
countries,“[…] it is widely accepted that the availability of better income-earning 
possibilities in the cities is a major driving force behind the net flow of rural-to-urban 
migration observed in most LDCs [Least Developed Countries, red.][…] More migrants will 
then come to town than [for which, red.] there are job vacancies, and [both, red.] open and 
disguised unemployment become essential features of the urban labor market” (Renard 1983: 
401). To exemplify following Jespersen et. al. (2007), the assumption made here is that 
capital and labor are limited resources, and that they are fully utilized – as the movement of 
labor from one sector to another will be a zero sum game, and therefore a movement of labor 
to the industry will be an opportunity cost to the other production sectors (such as 
agriculture). It will therefore be a battle for the production factors, capital and labor. As 
Jespersen et. al. mention, in a real life situation all production factors (capital and labor) will 
never be 100% fully utilized, and therefore a move of labor from one sector to another, would 
have no opportunity costs for either of them, as it would just mean that a person would not be 
unemployed (Jespersen et. al. 2007: 18f).  
Secondly, the reason for including savings in the measurements of the social costs of labor is 
the belief of Little and Mirrlees, that savings are socially more valuable than consumption, 
and thus the distribution of income on respectively savings and consumption, should be 
included in the social costs of labor. Said differently, the move of money from savings to 
consumption (changing the propensity to consume) is therefore a cost – called the premium 
on saving (Warr 1983: 240ff). As mentioned, the propensity to consume is perceived to be 
steady for now in this project.  
 
The social cost of labor can then jointly be expressed in the following equation (Thirlwall 
2006: 327):  !! !+ !!(!!− ! ) = The social cost of labor 
PA, The opportunity cost of labor (the production forgone in alternative uses) + the total increase in consumption 
(C, the increase in industrial consumption minus m, the fall in consumption in agriculture, as labor migrates) 
= The social cost of labor !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
34 This is also called dualism - the coexistence of a traditional and modern production sector, often secluded 
from each other, and is therefore related to income inequality (Szirmai 2005: 31). “The main problem of dualism 
is the economic and social gap between the modern and the traditional sector. The modern sector is oriented 
towards the outside world, rather than to domestic society. There are hardly any linkages between the modern 
sector and the rest of the economy and society. Thus, a developing country as a whole does not profit much from 
the technological and economic development in the modern sector. Also, a traditional hinterland can form an 
obstacle to the further development of a modern sector which is relatively small in size” (ibid: 78). 
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Due to the Kudura is a newly implemented project and being very locally effective, I believe 
it will be too early to be able to measure opportunity costs and increased consumption levels. 
Furthermore it is a very broad discussion to include, as the focus of this project is mainly on 
the 20-year lifetime of the first Kudura.  
Furthermore, it is also possible to evaluate the social benefits of labor and the optimal shadow 
wage rate, but these will for the same reasons not be included here (see appendix 4 for a full 
elaboration). 
4. The discount rate  
 
Discounting concerns calculating the future costs and benefits during a lifetime of a project 
into their present values (PV). The purpose of this is based on the belief that “[…] the value of 
the [economic, red.] flows must then be discounted to obtain their present value because 
everything has an opportunity cost. To have £100 next year is not the same as having £100 at 
the present, because £100 now could be invested at a rate of interest, say 10 per cent, to give 
£110 next year. The future and the present are made equivalent by discounting future sums by 
the rate of interest” (ibid: 318)35.  
Discounting is mostly relevant for the ex ante CBAs, as it is a way of indicating what the 
price of e.g. fresh water in 10 years is worth today (Hanley et. al. 2001: 76f). If a forecasting 
for costs and benefits for the future is made, forecasting errors due to a future innovation of 
technology, change in weather- or economic conditions, can affect the project in 
unpredictable ways. In the ex post CBA (the one used in this project) this is done by looking 
at the actual results compared to the costs and benefits that would have materialized without 
the project (e.g. technological innovation that could affect the prices)(Boardman et. al. 1996: 
430f).  
5. The Net Present Value (NPV) 
 
The NPV can be used to analyze if a project is socially benefitting or not, through 
establishing a criteria for project approval of NPV > 0, which would mean that it improved 
social welfare (Hanley et. al. 2001: 78). A NPV consists of valuing the investment costs, the 
operating costs (raw materials and labor), the value of the output (sales), and the lifetime of !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
35 Following the Little-Mirrlees approach, the social rate of discount (the rate of discount in relation to the 
economy as a whole (Hanley et. al. 2001: 74)) can also be measured through public saving. In this case, “[…] 
the appropriate discount rate is the rate at which the marginal utility of public saving falls. This rate is termed 
the accounting rate of interest (ARI), which should equal the rate of return on public money” (Thirlwall 2006: 
325).  
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the project (which is used to discount). For making the NPV socially accountable, the 
numbers included should be minded at being the social benefit, the social costs of inputs, the 
social rate of discount and the social costs of investments. The following equation can be 
used to find the NPV (Thirlwall 2006: 318f): 
 
!"# = !"− !"!(!+ !)! −!!!!!!  
The sigma signifies the sum of all the years in the lifetime, T – which in this case is 20 years. Vt – Ct signifies 
the value of output minus the operating costs at time t, and therefore expresses the balance between the benefits 
and costs of the project (Thirlwall 2006: 318). If the benefits exceed the costs, the project is efficient in its 
resource allocation (Hanley et. al. 2001: 78). (1+r)t is the discount rate, which is here calculated as 
(1/(1+0,06))time. K0 is the initial costs of the project in the baseline period. Finally, to find the NPV the balance 
between benefits and costs is depreciated by the discount rate. If the NPV is bigger than 0, the project yields a 
positive return (Thirlwall 2006: 318).  
 
Alternatively, a social appraisal of a project can shed a different light over the NPV function 
(as a third kind of project appraisal besides the financial and economical appraisal already 
mentioned). The NPV measures social welfare, but not if it is distributed optimally in society 
(Hanley et. al. 2001: 78). “Social appraisal has to do with the distributional consequences of 
project choices, both intertemporal (that is, over time) and intratemporal (that is, between 
groups in society at a point in time)” (Thirlwall 2006: 317). The value of the social appraisal 
will be increased if gained by the poor, and decreased if gained by the rich (ibid: 330f). There 
can be several different calculations to assess the social appraisal of a project – though it will 
not be included in this project because of the data not being available.  
6. Sensitivity analysis 
Finally, a sensitivity analysis should be made in relation to the CBA to help analyze the 
magnitude of the impacts of the project, to clarify any uncertainties. It implies considering 
what the most secure, important and uncertain assumptions are (a partial sensitivity analysis), 
and how changes in the uncertain assumptions will impact the final results (a worst and best-
case analysis). In relation to this, it should be possible to estimate the “riskiness” of the 
project implementation (a Monte Carlo sensitivity analysis)(Boardman et. al. 1996: 196f). 
The aspects to be investigated can be changes in the discount rate, quantities and qualities of 
inputs/outputs, the shadow price of the inputs/outputs and finally the lifetime of the project 
(Hanley et. al. 2001: 80).  
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Concise conclusion 
The CBA can, as mentioned, be a good tool for comparing different investment projects with 
each other, and evaluate the costs and benefits of these on a societal level. As it incorporates 
the positive and negative externalities of a project, it can give a thorough idea of the indirect 
consequences, which would not have been evident in an analysis of solemnly the local 
impacts of a project. The difficulties of using the CBA methodology in this particular case 
will be discussed later on.  
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4. Analysis 
 
There will be two analyses in this project in line with the first two working questions. In the 
first analysis I will sum up the results found in relation to the local level impacts of the 
Kudura, and the differences, between these and the baseline results. In the second analysis I 
will turn to the results of the CBAs, and discuss the societal costs and benefits of the Kudura 
in relation to the baseline. I will lastly analyze other alternative future baseline scenarios. 
4.1. Analysis 1: The local level impact  
4.1.1. Social impact 
The social impact on a local level, as mentioned in the beginning, will be measured through 
the monetary savings in Sidonge (remembering that it means the money saved and not 
consumed) due to a possible cost-reduction). Following appendix 1.1, there is a save of 
202,40US$ for an impacted family a month by using all the abilities of the Kudura in 
comparison to baseline (see appendix 1.1) – and the saving is 13.961,04 US$ per year 
(279.200,80 US$ in 20 years) for the community as a whole following appendix 1.436 (where 
both the impacted and non-impacted families are included).  
 
The savings are first of all caused by the solar electricity and biogas having lower daily 
operation costs than using kerosene and wood fuel37, according to appendix 1.1 – and the 
reduced indoor pollution leads to a saving in medicine as well38. Though, the cleaned water is 
more expensive (around 8US$/month/family) than using the government borehole.  
 
Secondly the Kudura also creates additional income through employing an energy vendor 
(Nyamolo 2011: 12), who will be responsible for the function and operation of the Kudura on 
a daily basis - the person is employed by the self help group, and will be trained by RVE.SOL 
in the needed technical knowledge39 (RVE.SOL: Link 15). The salary is very high in 
comparison to the normal wage rate in Sidonge. The normal wage is 84,75 US$ a month 
(Nyamolo 2011: 12) – but the wage to the energy vendor is 178 US$ a month (Thuku 2011: 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
36 The difference between the results in appendix 1.1 and 1.4 is that appendix 1.4 shows the results for the 
community as a whole, meaning that it considers the results in total – with both the impacted and non-impacted 
families. Appendix 1.1 only shows the changes for families impacted by all the abilities at once.  
37 Wood fuel can be used as a joint term to address firewood and charcoal.   
38 In this project I have calculated the use of medicine in response to the use of kerosene, as this will represent 
the 20 families who can change from using kerosene to solar electricity (even though 10 of these families can 
also change from wood fuels to biogas at the same time, and would therefore potentially experience a higher 
effect than the other 10 families). 
39 Visual thinking is training through visualized pictures of the maintenance process instead of texts – as there is 
both language and technology barriers (RVE.SOL: Link 14).  
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21 & appendix 1.1). This salary has been calculated as a saving as it can employ a person who 
had otherwise been unemployed (again relating to the steady propensity to consume) – this 
could also have been calculated on the basis of the additional income it creates in comparison 
to the average wage in Sidonge. The Kudura creates some additional income in Sidonge in 
other ways as well, because the water filtration and biogas systems are force-fed, which 
means that they need local employment to feed them with raw water and cattle dung 
(RVE.SOL 2012: Link 4). Though, this additional income possibility has not been included in 
the calculations – only the employment of the energy vendor and the higher yields.  
 
Thirdly, the use of fertilizer can give 20-30% bigger yields for the families who are currently 
not using fertilizer (Parrot and Marsden 2002: 25). These farmers can get a surplus in food to 
eat and maybe also to sell. I have used an estimation of bigger yields of an average 25%. 
Normally an average rural family in Sidonge can sell crops (food and cash crops) for 84,75 
US$ a month (Nyamolo 2011: 12). With a 25% increase in this, they will on a monthly basis 
be selling for 105,94 US$ in stead – which is an increase of 21,19 US$ a month for the 
household income. Currently only 26,9% of the households (around 28 families) is using the 
chemical fertilizer due to high prices (ibid: 19). Based on the assumption that the abilities of 
the Kudura are utilized 100%, and because the bio-fertilizer will be much cheaper, I have 
made the calculations on the assumption that the rest of the families will use the bio-fertilizer 
(73,1 % equals 76 families). This gives 19.325,28 US$ additional income for the 76 families a 
year with the Kudura40 (see appendix 1.1 and 1.4). 
 
The costs and savings are seen here excluded the actual cost of the Kudura (appendix 1.4 only 
includes the energy payments and additional income created), as this analysis focus strictly on 
a local level, but this additional cost will be addressed later on in relation to the CBAs. 
 
To sum up, this means that the implementation of the Kudura on a local level can result in 
increased monetary savings in Sidonge. Furthermore it signifies that the Kudura is rentable 
for the consumers, and that the social impact of the Kudura, as calculated in this project, is 
positive on a local level.  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
40 This calculation could also have included to what extent the higher yields will reduce the expenditures to buy 
food on the market, but this has not been included as the families still will need to buy the regular basis 
ingredients, e.g. oil, fats, fish and meat. It is not necessarily the case that the amount of livestock will increase 
with the higher yields, and this is the reason for still to include the expenditures on meat and fish as essentials 
(Nyamolo 2011: 12). 
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4.1.2. Environmental impact  
The environmental impact on a local level is as mentioned investigated through the primary 
environmental effects, geographically constrained in Sidonge, of the Kudura in comparison to 
baseline. 
Following appendix 1.2 there is a decrease in released CO2 with the Kudura in comparison to 
baseline on a local level – 12,22 kg CO2 per impacted family (20 families in this case) a 
month. This is first of all because kerosene releases more CO2 than its substitution; solar 
electricity.  
Secondly, wood fuel can be perceived as CO2 neutral during its lifetime on this local level, as 
it serves as ”reservoir” for CO2, by absorbing it (OECD/IEA, 2007b). Charcoal can be made 
of many things, but as mentioned by RVE.SOL it is mostly the woods around Sidonge that 
are used to produce charcoal – therefore in this project it will be assumed in the calculations, 
that the charcoal is solemnly made of wood (RVE.SOL: Link 5), and thus also a CO2 neutral 
source of energy on a local level. These results are highly influenced by the limited 
geographical scope of the local level, as will be seen in analysis 2.  
 
Thirdly, following the Danish Energy Agency (DEA) biogas can be perceived as a CO2 
neutral source of energy as well. This is because even though biogas releases a small amount 
of CO2 at combustion, the biogas system additionally encapsulates the cattle dung, and thus 
encapsulates methane gasses, that would otherwise have been emitted into the atmosphere by 
the dung (DEA 2012: 185f), which has a greenhouse gas effect of 21-fold that of CO2 
(Martins das Neves, 2009) – this means that the biogas system can help reduce the emissions 
significantly. Thus, in the same way as firewood and charcoal, the emissions are neutralized 
by the reductions. The biogas system additionally has the advantage of providing bio-fertilizer 
to the agriculture, as a substitute to chemical fertilizer, and thus recycles nutrients to the 
farmland and provides more sustainable farming-tool (DEA 2012: 185f). 
 
Finally, the use of chemical fertilizer will be substituted with bio-fertilizer, and thus reducing 
the application of toxics to the soil. Though, this has not been included in the calculations, as 
the exact size of the farmers’ fields, and thus the amount of fertilizer used, is unknown (for 
which it can be difficult to calculate the environmental impact). 
 
To sum up, on a local level the baseline releases a bit more CO2 more than the Kudura, as 
kerosene is the only factor releasing CO2 on this local level. This means that the Kudura 
provides a more environmentally sustainable energy solution than baseline.  
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4.1.3. Economical impact  
 
I will now focus on the different components of the GDP, and how the Kudura could 
potentially impact them, and analyze the positive and negative externalities in the CBAs.  
 
Consumption 
The simple income-generating model (work + residual income = income = demand  
(Jespersen 2009a: 64) is relevant for this project as it can investigate how a change in income 
for some, in this case the families of Sidonge, can mean in terms of impacts on a national 
level41. As mentioned earlier, following Jespersen, the demand and not the supply is the most 
important factor to consider in increasing wealth (ibid: 204ff). The CBA on the other hand 
puts great emphasis on creating savings (Thirlwall 2006). Both of these factors are part of the 
income, as can be seen in the simple income-generating model above - though, this also 
shows that the income will be split between the demand and the savings, and that they in this 
way are opposing to each other. As mentioned, it is assumed in this project that the propensity 
to consume is steady, and thus an increase in income will raise the savings.   
 
Following Jespersen, the production will follow the demand. With the higher local income 
created, there can be a possible higher demand in Sidonge for produced goods (if the 
propensity to consume is not steady). Theoretically this could via the macroeconomic 
production function (Jespersen 2009a: 69) and the multiplier effect (ibid: 75) increase the 
production and with this the employment and create income (and demand), which can create 
an even higher demand in the long run.  
On the other hand, if the newfound income is saved instead (which will be the case with a 
steady propensity to consume), these can be used on loans to investments (see below). 
Though, if the propensity to save becomes too high, there will be a lower demand for new 
products (a decreased need for new labor), and a smaller “kick start” in the economy (ibid: 
89f).  
 
The government spending 
The Kenyan government’s spending is not really relevant here, as the costs as mentioned are 
absorbed by RVE.SOL in relation to the first Kudura. But if the Kenyan government was to 
pay for the Kudura, it would regard the government spending, G, of the GDP equation. 
Following Jespersen, when the state spends in one area it has to make cuts in another area, !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
41 This will of course be a very hypothetical relationship, as the changes in Sidonge are on such a small scale, 
that it will probably not affect the national level at all.  
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and its spending will depend on the rate of unemployment and taxes paid (Jespersen 2009a: 
154), and can function as a demand for production and labor (ibid: 157). The potential 
governmental spending on future Kuduras would thus create a demand for production and 
labor in Kenya, if it could be produced nationally. This would thus require considering the 
finance, technology and know-how barriers to being able to produce it (see appendix 6). 
 
Investments 
The Kudura is a foreign real (e.g. new) investment. As mentioned by Jespersen and 
Brendstrup (1994: 139), if foreign investments are accompanied by knowledge, 
implementation of technology and environmental standards, they can be very benefitting for 
developing countries, as long as they are not brought back out of the country again. The 
Kudura meets all these requirements by providing electrical facilities to Sidonge through 
environmentally sustainable technology. It demands natural resources and labor as inputs, 
which can additionally start economic flows in the economy. It also brings know-how in 
relation to the education of the energy vendor – but not in relation to creating the Kudura 
(yet). Following Jespersen real investments can create a demand for products and technology. 
Jespersen also points out that education can be seen as an investment (Jespersen 2009a: 83f) in 
the same way as other investments can demand labor as input, and bring education and know-
how to the people.  
But if the Kenyan government was to invest in Kuduras, meaning buying them, this could 
affect the balance of payments, as seen below. 
 
Import & export 
As the Kudura is a foreign investment, it is neither an import nor an export, as all 
expenditures have been paid by RVE.SOL. This means that if the Kudura needs spare parts in 
the future, this will not be a demand for import, and will not influence the balance of 
payments. Though, if there were to be more Kuduras in Kenya, and Kenya had to import, this 
would impact the balance of payments. This means that it would only be economically 
sustainable for Kenya as a whole, if the future Kuduras could be produced and assembled in 
Kenya or one of the neighboring countries. 
The Kudura could theoretically raise Kenya’s competitiveness, if poverty was reduced in rural 
villages, as this could make them more productive (with productive also in the end meaning a 
potential raise in exports to positively affect the balance of payments) and self-sustaining (e.g. 
produce to balance).  A rise in competitiveness can, as mentioned by Jespersen (2009a: 111f), 
further increase the national production, and in this way increase exports and reduce imports; 
though the surplus of food will probably not be very big with the first Kudura, as the farmers 
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are subsistence farmers and will thus probably start with consuming the surplus themselves 
(Nyamolo 2011: 9ff).  
 
Another benefit of establishing RE sources in Kenya, is a decreased dependency on the 
import of oil and gas from the Middle East (Ministry of Energy, Kenya 2012: 123), and thus a 
capital saving due to the rising fossil-fuel prices (e.g. save to balance)(IEA 2010: 297f). 
Kenya does not export anything (IEA: Link 1).  This means that the implementation of other 
sources of energy (e.g. biogas and solar panels) could save the national economy a lot of 
money. 
 
To sum up, the Kudura can theoretically affect the income positively (and with this raise the 
demand or savings), which again can potentially affect the demand for new production and 
employment positively, which can create an even higher demand in the long run (following 
the multiplier effect). Though, the impact of the Kudura in the future will depend on if it can 
be produced in Kenya as a governmental investment, come as an import, or as a foreign 
investment. This first Kudura, as a foreign investment, brings know-how and environmental 
standards, and can thus create economical flows through demanding products and technology. 
Though, there are several indicators that the Kudura will be most economically profitable for 
Kenya, if it could be produced nationally.  
Concise conclusion for analysis 1 
In total the Kudura has a positive social and environmental impact on a local level in Sidonge, 
and an overall positive economic effect as well – depending on what the future scenarios will 
be. So to what extent can the Kudura be a triple-win solution on a local level? I would argue 
that it is a fairly good triple-win solution on a local level, as the positive effects precedes the 
negative effects in comparison to baseline. This is in line with what was suggested at Rio+20. 
4.2. Analysis 2: The Cost-Benefit Analyses42  
 
This analysis will evaluate, on the basis of the two CBAs performed in appendix 1.5 & 1.6, if 
the Kudura can be a societal rentable triple-win solution as well. This level will as mentioned 
focus on a broader level than the local level analysis, thus expanding its scope to include 
some externalities as well. 
Afterwards I will debate the results in relation to other alternative energy investments and 
future baseline scenarios. The reason for this is that a normal CBA would have compared the !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
42 See the section explaining the method of the CBA and the measurements used in this project for a more 
detailed explanation of the results found.  
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Kudura with other alternative investments, and not only baseline. This is important because it 
could change the baseline scenario through the 20-year lifetime, and with this the competition 
to the Kudura.  
4.2.1. The environmental impact  
4.2.1.1. The scope  
The CO2 reductions and emissions on a societal level have been calculated on the basis of 
appendix 1.3, which shows the secondary environmental effects of baseline and the Kudura. 
The secondary environmental effects are unintended environmental changes caused by the 
project activity in relation to emissions, removals or storage, and thus have a wider scope than 
the primary effects. Two different kinds of secondary environmental effects can be identified 
(WBCSD & WRI 2005: 11f): 
• One-time effects; changes associated with the construction, installation, establishment 
and transport at the start or end of the project. 
• Upstream and downstream effects; upstream effects concerns the environmental 
impacts in relation to inputs to the project, and downstream effects regards the outputs 
from the project. They will be the changes realized with the Kudura relative to 
baseline – thus it should also include evaluations of how baseline will change through 
the 20-year time frame.  
 
The secondary environmental effects to be considered in the baseline scenario are illustrated 
in the following figure:  
 
 
Figure 6: Secondary environmental effects, baseline (own elaboration) 
 
As illustrated, the baseline scenario can now be expanded to include the secondary effects 
upstream of unsustainable logging of firewood and the unsustainable production of 
! 40!
charcoal43. These can now be perceived as unsustainable, as will also be elaborated below, 
due to the fact that the externalities or secondary effects are taken into consideration. The 
study could also include a life-cycle assessment (LCA44) of kerosene, electricity used in the 
neighboring village and chemical fertilizer. Additionally the emissions downstream from 
untreated manure (cattle dung) could be included. Though, in this project I will focus on the 
firewood logging, charcoal production and kerosene LCA, and keep the analysis of the three 
other factors on a hypothetical level, due to lack of available data.  
 
The Kudura scenario should then as well be expanded to include upstream and downstream 
emissions and emission reductions. This has been illustrated in the figure below: 
 
 
Figure 7: Secondary environmental effects, the Kudura (own elaboration) 
 
In the expanded Kudura scenario the study can be supplied with the emissions from the 
transportation and the production/assembly of the Kudura. The production of the Kudura is 
measured through the transportation of the parts for the Kudura from their suppliers to Leiria, 
Portugal, where the Kudura was assembled. The transportation of the Kudura is calculated 
from Leiria, Portugal to Sidonge, Kenya via truck and ship. The secondary effects in relation 
to the Kudura could also have included considering the additional costs and environmental 
effects related to the reuse or waste handling of the Kudura after the 20 years, which will not 
be included here due to the fact that it has not yet been experienced by RVE.SOL, and thus 
the solution and possibilities could change before the 20 years have come to an end. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
43 Whereas the burning of firewood and charcoal on a local level may seem CO2 neutral, it will on a broader, 
societal level, including considerations on how this firewood has been collected and produced, not the be case.  
44 A life-cycle assessment (LCA) regards quantifying the environmental impacts in relation to a product’s life-
cycle – from raw material to end-of-life treatment, and thus takes into account the externalities both before and 
after production (WBCSD & WRI 2011: 21).   
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Furthermore, the calculations here will, as in the baseline scenario, not include the secondary 
effects of the biological fertilizer45. These could have influenced the results of this project.  
4.2.1.2. The environmental results46 
First of all, the results in appendix 1.3 and 1.4 show that the Kudura makes a big reduction in 
CO2 released (1.450,01 ton CO2) through its 20-year lifetime in relation to secondary 
environmental effects.  
 
The reason for this is that when the wood fuel is unsustainably harvested (as it is around 
Sidonge (RVE.SOL: Link 5)), it should not be counted as a CO2 neutral source of energy 
(FAO RWEDP: 51). Thus, combustion of 1 kg of firewood can be responsible for releasing 
1745,3 g/CO2 (Crespo 2012: 8). It should be noted here that there are several opinions about 
whether the use of firewood leads to deforestation and thus if it is CO2 neutral, because the 
wood is sometimes harvested from road sides and not forests – though if it is harvested 
unsustainably from forests, it is mostly perceived as releasing CO2 (OECD/IEA 2007a: 427f). 
But due to the fact that RVE.SOL states that most of the trees around Sidonge are gone due to 
the use of firewood, and the forests cover is depleted around Sidonge, I perceive this as 
deforestation (RVE.SOL: Link 5). If this were not the case, there would still be deforestation 
from the search for more farmland, which has not been included here, but which is also 
essential to consider in relation to the bigger picture (OECD/IEA 2007a: 427f).  
 
Furthermore, as charcoal is mostly made out of wood in Sidonge (RVE.SOL: Link 5), and 
due to low efficiency in the technology used to make it, there are great losses of wood mass 
during the production process (DANIDA 2003: 124). Charcoal is commonly perceived as 
unsustainable, as it is usually produced from forest resources (OECD/IEA 2007a: 427f). It 
takes 10 kg of wood to make 1 kg of charcoal (Bizzarri et.al. 2010: 21), and the combustion 
of 1 kg charcoal can thus be counted to release 3245 g/CO2 (Crespo 2012: 8). 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
45 The organic fertilizer is also a social factor for the future, as “[…] organic agriculture in developing countries 
is not a luxury but a precondition for attaining food security” (Parrott & Marsden 2002: 38). It can be necessary 
for providing enough food for all in the future, as it can contribute to providing higher yields than normal, 
chemical fertilizer (FAO 2007: 11).   
46 The CO2 results show the difference between the same amount of families at baseline and with the Kudura (20 
families migrating from firewood and charcoal to biogas and 10 from kerosene to solar electricity). The 
calculations have been based on the numbers found in appendix 1.1, 1.2, 1.3 and 1.4. The CO2 has been 
calculated from year 1, leaving the two months in year 0 (November and December) for the implementation of 
the Kudura.  
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Additionally, in relation to secondary environmental effects, it is important to include a LCA 
of the kerosene, and not only look at the CO2 released by its combustion – thus the LCA will 
include more CO2 for the kerosene, as it includes the actual production of kerosene as well.  
As noted in appendix 1.4, even though the Kudura in relation to the secondary environmental 
effects releases CO2 in relation to its assembly and transportation to Sidonge, and a small 
monthly combustion due to the maintenance of the Kudura (through a diesel generator), it still 
makes a huge reduction in the CO2 released. 
 
Secondly, as seen in the CBAs (appendix 1.5 and 1.6), the CO2 emissions are price-set in 
relation to the method of Cost-Benefit Analysis, which means that the reduction or emission 
of CO2 can be converted into monetary effects. As mentioned, following the Little-Mirrlees 
approach, the method to value the social costs and benefits of the factors of production is 
through the opportunity costs, measured by the public savings expressed in foreign exchange 
(Thirlwall 2006: 319f). The opportunity cost is the cost of an activity in comparison to 
alternative uses (ibid). This is also in line with the guidelines of the Danish State Agency for 
Business and Construction, which describes the shadow price of CO2 as the price it costs for 
an investment to reduce 1 unit of CO2 (here the units will be measured in tons)(Erhvervs- og 
Byggestyrelsen 2010: 4f).  
I have chosen to value 1 ton of CO2 through the Certified Emissions Reduction (CER) 
prices47, which values 1 ton of CO2 to 15,80 US$ (The Carbon Footprint: Link 1). The CER 
credits express the price of offsetting 1 ton of CO2 (through emissions trading) by investing 
in a mitigation project in a developing country (UNFCCC: Link 2).  
In relation to baseline, this price expresses what it would cost for the society to reduce the 
same amount of CO2 that the Kudura reduces (Erhvervs- og Byggestyrelsen 2010: 4f). This 
will show the price of the baseline activities in comparison to the alternative investment 
project, measured in public savings – the shadow price of CO2 at baseline.   
In relation to the Kudura, this price expresses the public savings made through the reduction 
in CO2 with the Kudura. It should also be considered whether the mitigation from baseline to 
the Kudura would have happened anyway over time or not (Australian Government 
Department of Sustainability 2011: 6) - this will be addressed below.  
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
47 Another way to measure the shadow price of CO2 in this project could have been measuring the marginal 
abatement cost (MAC) – meaning the price of the Kudura in comparison to the amount of CO2 reduced, which 
would give the cost of mitigating a unit of CO2 through the Kudura. Though, as the Kudura has not been a 
public expenditure for Kenya (yet), this was not a compatible measurement technique to use. Though, it will be 
more relevant to use in the future, if the Kudura is to be paid by Kenya.   
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This means the Kudura leads to a reduction in CO2 emissions, and thus a monetary saving as 
well. 
4.2.2. The social impact 
4.2.2.1. Local savings 
As the CBAs includes all costs and benefits in relation to an investment project, the savings 
made on the local level by the Kudura should be included as well. As seen in analysis 1, the 
savings generated by the Kudura on a local level for the consumers were 202,40 US$ for an 
impacted family/month, and 13.961,04 US$ a year (279.200,80 US$ in 20 years) for the 
community as a whole (see appendix 1.1. and 1.4).  
4.2.2.2. Saved time 
The implementation of the Kudura also creates monetary savings in Sidonge because it saves 
the impacted villagers time – that was used on wood collection and hiking to charge their cell-
phones - which can now be spent on income-generating activities and school instead 
(calculated from year 1 as well, leaving the two months in year 0 (November and December) 
for the implementation of the Kudura)(see appendix 1.5 & 1.6). The saved time increases the 
additional time available for work or leisure each day. An average family in Sidonge has to 
collect firewood 4 times a week, which is mostly done by women and girls. The collection of 
firewood can be done in the nearby bushes, but due to a depleting forest cover, it is becoming 
more and more common to collect wood from more distant places (Nyamolo 2011: 16f). 
Thus, I have estimated this time to be 4 hours a week (4 times 1 hour). On top of this, a whole 
day can be used to hike to the nearest village to recharge a cellphone (RVE.SOL: Link 3). 
This has been estimated to 8 hours a week.  
As mentioned several times by RVE.SOL (: Link 4), the time spent on collecting wood and 
recharging cellphones could be used on income-generating activities instead. Furthermore, as 
the collection of wood and hiking are presumably done during the daylight hours, I here rate 
this time as time that could have been spent on working – working-time hours and not leisure 
time hours (Boardman et. al. 1996: 386f).   
But what is the value of 1 working-hour? Following Boardman et. al. (1996: 386f), an 
estimation of the value of travel time saved (VTTS) lies between 40-60% of the hourly wage 
rate, and will increase with income, but not proportionally. Gwilliam (1997: 2) agrees in this, 
and states as well that the value is best expressed as a proportion of a household’s income, 
and not an individual’s income. Whittington et. al. (1990: 274) states, based on a study of the 
value of time spent on hauling water out of a well, the average value of working-time is 38% 
of the wage. Therefore, as the wages in Sidonge are very low, and as the VTTS increases with 
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the income, the value of time in the project will be estimated as 40% of an hourly wage for an 
average family. The average household income for an entire family a month in Sidonge is 
following Nyamolo (2011: 11) 37 US$. Divided by 30 days / 8 working-hours a day = 0,15 
US$ an hour. 40% of this is = 0,06 US$, which is then 40% of the joint household income per 
hour.  
For the collection of wood the accumulated saved time is: 4 hours a week x 40% of the 
average household income in an hour (0,06 US$) x 10 impacted families of biogas x 4 weeks 
a month x 12 months a year = which is then the value of the time saved for all the impacted 
families in a year (115,2 US$). 
For the recharging of mobile phones, the accumulated time is: 8 hours a week x 40% of the 
average household income in an hour (0,06 US$) x 20 impacted families of solar electricity x 
4 weeks a month x 12 months a year = value of the time saved for all the impacted families in 
a year (460,8 US$) 
The total value of saved time per year in Sidonge is: 115,2 + 460,8 = 576 US$ / year for all 
the impacted families. As this is perceived as a social benefit in this project, it will be 
estimated to be effective from year 1 onwards.   
4.2.3. The Net Present Value  
As mentioned in the methodology there can be developed three different appraisals of an 
investment project: A financial, economical and social (Thirlwall 2006: 317). The two that 
will be addressed here are the financial and economical appraisal. 
As this project compares an investment project with baseline, instead of comparing two 
investment projects to each other, it is only ideally to perform a financial appraisal of the 
Kudura, as baseline does not have any site- or equipment maintenance. The government has 
as mentioned made a borehole in Sidonge in the baseline scenario, but I have not had luck 
finding data on the cost of this, nor whom the payments in Sidonge benefits. A financial 
appraisal of baseline could also include the saved investment and maintenance costs, in which 
case baseline would probably be more profitable than the Kudura. On the basis of these 
considerations, I have made a financial appraisal exclusively for the Kudura regarding the 
expenditures for RVE.SOL, which can show the costs absorbed by RVE.SOL for the first 
Kudura (see appendix 1.8). The costs of the Kudura will also be included in the economic 
appraisal (the CBAs), to show what will happen if Kenya had to pay for the Kudura and how 
this would change the results.  
The results of the financial appraisal in appendix 1.8 show that the Kudura will have a 
negative value of -158.120,21 US$, and thus not be economically profitable for RVE.SOL as 
the initial and recurring costs precede the payments from the villagers of Sidonge. Then, let 
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me explore the results of the CBAs, the main pillar of this method, to see if an economical 
appraisal will change the ratio between costs and benefits on a societal level.  
 
In the CBAs both baseline and the Kudura can be included, as it is related to the social costs 
and benefits of the production in both scenarios. The total NPV for the Kudura and baseline 
are very different, with the NPV of baseline being negative (-25.516,45 US$) and the Kudura 
positive (192.144,85 US$)(appendix 1.5 and 1.6).  
Though, with the initial and recurring costs of the Kudura included in the Kudura CBA, the 
NPV for Kudura would drop to 26.359,29 US$. This means that it would drop significantly in 
value, but still be more profitable than baseline.  
 
The NPV can also be affected by changing the lifetime of the Kudura from 20 years to 10 
years. The NPV of the Kudura (without the initial and recurring costs) will change from 
192.144,85US$ in 20 years to 123.278,81 US$ in 10 years (appendix 1.6).  
4.2.4. The sensitivity analysis 
As mentioned a sensitivity analysis consists of a partial sensitivity analysis, considerations on 
worst and best-case scenarios and the riskiness of the project.  
The partial sensitivity analysis should consider the most insecure assumptions made, and 
analyze to what extent they can change the results of the CBAs. This is e.g. the propensity to 
consume, which does not need to be steady, as the families can decide to invest in education, 
new houses etc. Another insecure assumption is whether the Kudura will be used to its full 
potential in Sidonge. The insecure assumptions could result in a worst-case scenario, where 
the savings will be smaller or not be there at all, which would reduce the benefits of 
implementing the Kudura significantly. In relation to the number of users the worst case 
would be that the citizens of Sidonge would not use the Kudura and its abilities at all. This 
would result in the project not being a sustainable future solution, or at least needs to be 
modified to meet the local needs, culture and/or demands to energy sources. This expresses 
the riskiness of the project.  
 
In a best case scenario the savings will be as calculated in appendix 1.1, and the Kudura will 
be used to its full potential as calculated in this project. It should be noted here that the 
Kudura is used in Sidonge already.  
 
Regarding the discount rate I have chosen a discount rate of 6% (which will be written as 
0,06) following the recommendations from the Danish Ministry of Finance, due to the high 
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uncertainty in relation to alternative energy investment projects, and because uncertainty can 
be an economic burden to a project – a higher rate will give more space for fluctuations and 
thus be more secure. If the technology is known and the investments are made in a broader 
scale, then the rate could be lower (Erhvervs- og Byggestyrelsen 2010: 16). Though, the 
higher the rate, the less economically feasible the project will be, as the rate determines how 
much to depreciate the present value of a project (the higher rate include a buffer for 
risks)(ibid: 19). This is exemplified in the fact that, if the discount rate in relation to the 
Kudura is changed from 6% to 2% - excluded the costs of the Kudura - the NPV will 
respectively change from 192.144,85 US$ to 273.941,43 US$ (see appendix 1.6).  
 
Though, if the discount rate is changed in the baseline CBA, the NPV will actually decrease 
with a lower discount rate, and thus it does the reverse of the above mentioned                  
(from -25.516,45 US$ with a 6% discount rate to -36.376,05 US$ with a 2% discount 
rate)(see appendix 1.5). To get a higher NPV it is now necessary to raise the discount rate. 
This scenario is normally seen in CBAs that have high costs in the end, due to e.g. 
environmental clean-up (Baker, 2000). The CBA of this baseline is steady but negative, and 
will as mentioned take this form (see curves in appendix 1.5 & 1.6).   
 
Overall this means that the Kudura seems to be the most profitable scenario on a societal 
level, as following the economical appraisal in the CBAs its NPV is positive and the NPV of 
baseline is negative. With the initial and recurring costs of the Kudura included, its NPV 
drops significantly, but will still be more positive than baseline. Though the project of the 
Kudura is not profitable for RVE.SOL, and will thus only be an economically sustainable 
solution if the costs are covered by other finances in the longer run (being e.g. the Kenyan 
government or other financial support mechanisms).  
4.2.5. Alternative baseline scenarios  
Instead of evaluating two different investment projects, as a normal CBA would have done, I 
have here chosen to compare baseline with the Kudura, and discuss the alternative future 
scenarios Three alternative scenarios could in general occur in the 20 years lifetime of the 
Kudura: First of all, a continuation of the baseline activities; secondly, a baseline energy 
candidate (meaning an alternative to the Kudura) could be implemented; and finally the same 
technology as used in the Kudura could have been implemented anyway (WBCSD &WRI 
2005: 12).  
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First of all, a continuation of the baseline activities would be realistic during the next 20 
years, but not much further as the fossil fuels are scarce and will already be depleted in 2042 
(a timeline of 30 years from today), with coal as the only fossil fuel that will withstand until 
2112, given our current level of consumption (Topal 2008: 181). It would also not be an 
economically feasible solution, as the prices on fossil fuels will rise in the future (ENS 2009: 
4). Though if the firewood was made a sustainable source of energy through controlled 
deforestation, the baseline scenario could become a bit more profitable and stable solution. 
An important assumption to mention here is that it is assumed that baseline is a steady 
scenario – if e.g. the consumption of non-renewable natural resources increases drastically 
due to population growth, the reserves of these will not last as long. 
 
Secondly in relation to baseline energy candidates, this means evaluating other ways of 
providing the same deliverables as the Kudura to Sidonge.  
Right now around 60% of the energy in Kenya comes from centralized hydropower plants, 
while only around 30% comes from oil thermal power – the remaining 10% from geothermal 
and wind power (UNEP 2006: 11), referring to the introduction in which it is mentioned that 
84% of the Kenyan population does not have access to grid-electricity (RVE.SOL: Link 5). 
Hydropower only exists along the rivers in Kenya (KenGen: Link 1), as the hydropower 
plants need water flows to function (OECD/IEA 2012: 11). This means that it can be difficult 
to scale this technology up to a national level, to compete with the fossil fuels for now. 
Hydropower is also vulnerable for climate changes (changes in river flows, floods, droughts 
or changes in sediment loads), and therefore it has to be thoroughly investigated, how it can 
become extended considering the current environmental crisis (ibid: 37). Africa in general has 
a big hydropower potential with only 8% currently used, but regional instabilities and lack of 
infrastructure have stopped the development so far (which means that the problem of scaling 
up is not the first priority to address)(ibid: 20f).  If the hydropower was to reach Sidonge in 
say 10 years, and assuming that the constraint mentioned has been eliminated, this could 
impact the necessity for the Kudura as an energy supplier – but it should be kept in mind that 
the Kudura is able to deliver clean water and fertilizer in addition (which can increase the 
yields and thus the income).  
 
Another baseline candidate is centralized grid electricity. Grid electricity has not reached 
Sidonge yet, and following RVE.SOL it will take approx. 250 years to reach the whole 
Kenyan population due to highly accelerated installation rates (RVE.SOL: Link 5)(ENS 2009: 
4). This means, if/when the grid electricity was to reach Sidonge, most families would not be 
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able to afford it (RVE.SOL: Link 5). Carl Pope from the Sierra Club48 calls this the grid-
fallacy (false expectations to the on-grid energy supply), because it will take decades to 
establish a grid to rural areas49. Furthermore, grid electricity is in accordance to IEA not the 
most cost-effective50 solution as e.g. solar panels are decreasing in price (IEA 2010: 255).  
A last energy alternative can be to use diesel generators to provide electricity to Sidonge 
through fossil fuels in a decentralized way. This could provide an alternative to kerosene, and 
maybe also firewood, but would still not be able to provide clean water and fertilizer without 
other implementations being made as well.  
The most important point to be made in relation to all the future baseline energy candidates, is 
that it is not guaranteed that an alternative (sustainable or not) would be a more profitable 
solution than the Kudura, as none of the above-mentioned alternatives will be cost neutral.  
 
Finally the question remains if the technology of the Kudura would have come to Sidonge 
within the next 20 years anyway? The most important barrier to implement the Kudura in the 
future is not the lack of natural resources, but lack of financial assets to finance it. As 
mentioned the solar panels are decreasing in price, and are in focus for investors and 
organizations at the moment due to the big climate debate, which means that solar power 
could come to Sidonge in the near future (maybe in the next 20 years) as a foreign 
investment. In comparison to competitors, the Kudura is a unique project because it provides 
more deliverables than just clean energy, which means that all the entities provided by the 
Kudura would probably not have come on their own to Sidonge.    
 
What does this mean for the 20-year timeframe of the baseline CBA? Based on the above, I 
would argue that it is safe to say that all the abilities of the Kudura would not have come on 
their own – maybe some as part of another foreign investment. The baseline scenario could be 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
48 The Sierra Club is an American NGO that has fought for a better environment since 1892 (The Sierra Club: 
Link 1). 
49 Based on a presentation by Carl Pope at Rio+20 
50 Subsidies will not be a solution either to make the grid electricity more compatible. Carl Pope mentions the 
subsidy trap, because poor nations spend 180 billion on subsidies to fossil fuels, but only 20% of these reaches 
the poor (based on his presentation at Rio+20). Most of the subsidies to fossil fuels go to the developing 
countries (OECD/IEA 2010: 260), and encourage over-consumption due to the lower prices (ibid: 567). The 
subsidies to grid electricity are traceable, but do not reach the poor, as the rural poor do not have access to grid-
electricity. The subsidies will therefore only benefit the middle- and high-income groups. The subsidies to 
kerosene and LPG (Liquid Petroleum Gas) are not traceable, as they are mainly used at the rural level and sold 
on the black markets. Though, we should keep in mind that a reduction of subsidies can still affect the poor – 
even though they do not feel the subsidies a lot, even a small raise in the prices can mean that the poor cannot 
afford it anymore (ibid: 287). The subsidies have been thought of as poverty reducing, due to the lower prices it 
creates on fossil fuels, but the subsidies have many side effects as well. These are for example wasteful 
consumption; inability to reach the poor and they distort markets for clean energy investments (ibid: 571ff). The 
removal of subsidies would reduce the CO2 emissions (ibid: 585). 
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continued a bit further (as done in the CBA – appendix 1.5), but in a timeframe of more than 
30 years, the scarcity of the fossil fuels would make this impossible. Hydropower and grid-
electricity are still far behind covering developing countries with electricity, and would as 
mentioned not bring more than electricity with them. Thus, for now and the next 20 years, the 
most probable baseline candidate to the Kudura is the baseline activities already used in 
Sidonge, which do not provide any additional benefits for the rural poor, and is as seen in 
analysis 1, more expensive for the poor on a local level than the Kudura. On top of this, the 
gained access to electricity through the Kudura can be of more value than thought at first 
glance, as it provides a better access to information and the rest of society through providing 
access to mobile phone charging and TV/Radio (Thuku 2011: 10). This means the young 
generations will now have the possibility to grow up more integrated into society and have 
better opportunities to change their way of living in comparison to their parents – this 
facilitates breaking the social patterns. Though a last assumption that emerges here, that is 
important to be aware about, is that higher CO2 emissions and higher savings are 
interchangeable with each other, meaning that they move reverse.  
Concise conclusion for analysis 2:  
At the societal level the Kudura decreases the CO2 emissions by around 1450 tons a year, 
which is a huge positive environmental effect, which can lead to a monetary saving for the 
society, due to the saved costs related to the released CO2 emissions. Furthermore, a 
monetary saving in relation to the time saved with the Kudura can be identified in addition to 
the local savings already identified in Sidonge. This means the Kudura has a positive social 
and environmental impact on a societal level. Furthermore the NPV of the Kudura is positive, 
and not negative as the baseline scenario, which means the economic impact of the Kudura, 
will be positive as well. In comparison to other alternative investment projects, the baseline 
scenario, which has been analyzed to be less profitable than the Kudura, is the most realistic 
alternative to the Kudura during the next 20 years.  
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5. Discussion: 
 
I will now discuss the measuring techniques used in this project. This regards the concerns of 
letting three concepts being represented by three very limited indicators of change, namely 
CO2 emissions, the macroeconomic thoughts by Jespersen and the savings. Furthermore it 
regards discussing the implications of having one measuring technique to calculate all three 
concepts in one. This is important because it could affect the results of this project greatly.  
 
To address the first concern, as also mentioned in the beginning of this project, sustainable 
development and its three concepts of social, economical and environmental sustainability, 
would ideally need three different measuring techniques, as the concepts are very distinct. 
Ideally multidimensional indicators should have been chosen to show the change in an 
abstract and broad concept such as sustainable development (Wuppertal Institute 2010: 9). 
Due to the limited scope of the three impacts chosen in comparison to the three strands of 
sustainability they have to represent, it is likely that there are some costs and benefits that 
have passed unnoticed in this project51 - there will furthermore be a risk of creating a link 
between the results in these, and the results in the three strands of sustainability in general. 
This is e.g. exemplified in the fact that, if I had chosen different indicators of change, the 
results could have changed as well. Following the Wuppertal Institute, the indicators will 
determine how to perceive sustainability, growth and wellbeing (ibid: 9). 
Another important point to be made here, is that the assumptions made throughout the project 
about the characters of these indicators (such as the propensity to consume), will highly 
influence the results, and should thus be analyzed more thoroughly to investigate how these 
assumptions correspond to the changes in real life.  
 
To address the second concern, measuring the three concepts in one can both have 
advantages and disadvantages. To combine eradication of poverty, economic growth and 
environmental sustainability in one term, three very broad questions arise: Is it possible to 
reduce poverty without economic growth? Can economic growth be environmentally 
sustainable? And how do the environment and the poor affect each other? These are too !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
51 In relation to the change of indicators in general, but most crucial in relation to the social indicators. One of 
the other central questions, as mentioned in the introduction as well, is to what extent the connection is 
straightforward between the indicators of change and the implementation of the Kudura? And if the numbers are 
consistent or if they are keen to change during the 20 years lifetime of the Kudura? This of course had to be 
investigated further by choosing other indicators of change and measure the differences. Also in line with the 
introduction, the indicators should reflect on who they represent, how, how much, how well, when and where 
(Mikkelsen 1997: 88). Furthermore it should be analyzed if the indicators are valid, sensitive, reliable, relevant, 
specific, cost-effective or timely (Hanley et. al. 2001: 175). 
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comprehensive questions to address here. However, if answers were found, they could be the 
answers on how to make the sustainable development work. 
 
The indicators will, as mentioned above, set the framework for investigation and determine 
how to perceive sustainable development as a concept. This is apparent by the fact that the 
macro economical approach (as an indicator for economical change) has set the framework 
for the operationalization of the rest of this project, and the indicators will thus affect each 
other when measured jointly.  
 
First of all, Jespersen (and the CBA) allows for a trade-off between the natural capital and 
humanly made capital, which can only sustain a weak sustainability and not a strong 
sustainability (Hanley et. al. 2001: 83). Weak and strong sustainability are two different 
approaches to whether the natural capital can be replaced by humanly created capital and still 
be environmentally sustainable. A weak sustainability is when natural capital is replaced by 
humanly created capital to sustain the value of the lost natural capital. It is weak because the 
natural capital is not sustained physically itself; only its functional value is sustained through 
the humanly created capital. This demands a way to evaluate the value of lost natural capital 
in relation to needed humanly created capital, which is very problematic52. As the physical 
amount of humanly created capital and natural capital will not be the same, and there are no 
actual market prices for natural capitals, the two capitals must be valued in comparison to 
each other. Furthermore, as the information on the social costs of using up the fossil fuels is 
not complete yet, it is still unknown what the consequences of a weak sustainability can be. A 
strong sustainability is when the non-renewable resources are not used at all to keep their 
current state as intact as possible - this would be very problematic for the current industries in 
the developed countries (Jespersen et. al. 2007: 239ff).  
 
Secondly, it is also evident in the fact that this approach to some extent will also imply 
perceiving wellbeing as increasing simultaneously with an economic growth (higher income 
leading to higher welfare)(Mikkelsen 1997: 93), and as mentioned not relate to e.g. gender 
equality.  
 
The above-mentioned could also result in the question whether or not the macro economy is 
the best theoretical framework? The Commission of the European Communities (COM) and !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
52 There are still very few examples where synthetically created human capital on its own can replace the natural 
capital. 
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UNDP (2012) suggests this amongst many others, who are focused on the role of a green 
economy in the future. As known already, the GDP does not include considerations about the 
environment and the social sustainability, and they believe that we can thus not rely on it to 
include all sides of sustainable development (COM 2009: 2). They suggest supplementing the 
GDP with other indicators, to indicate changes in e.g. social cohesion, education or public 
health. These are also in line with the Human Development Index developed by UNDP, 
which measures GDP, health and education in one to get a bigger picture (ibid: 3). Other 
approaches are to adjust the GDP, or solemnly replace it with another measuring set such as 
the Happy Planet Index (Wuppertal Institute 2010: 23) or the Gross National Happiness Index 
from Bhutan.  
 
This indicates that to measure the three strands of sustainable development in one, there has 
to be made some compromises in order for them to fit with each other. Following the 
Wuppertal Institute this is necessary, because all the three indicators are seen as equally 
important and as ideally increasing simultaneously (Wuppertal Institute 2010: 11). 
 
Ideally, this discussion should be elaborated more in depth, and include different 
stakeholders, to ensure a profound consideration of the measuring techniques. Though, I have 
chosen to put more emphasis on the two analyses in this project, and I will thus leave the 
further discussion of the techniques to be elaborated more thoroughly in the future. 
Concise conclusion 
To sum up the measuring techniques and indicators used, will as mentioned set the framework 
for the analysis of the Kudura, and thus determine from what viewpoint we should see the 
changes. They will furthermore influence each other greatly and thus the results as well.  
 !  
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6. Conclusion 
 
In the beginning of this project, I started with the research question; To what extent can the 
renewable energy project Kudura be a triple-win solution to the triple-crisis, and how is it 
possible to measure the concept of triple-win solutions? To answer this question I used three 
work questions to respectively evaluate the impacts on a local and on a national level, and 
furthermore discuss the measuring techniques used.  
 
On a local level, I found that the Kudura affected the local level in both a socially, 
environmentally and economically positive way in comparison to baseline, due to created 
monetary savings, a cut in CO2 released and several positive economic impacts in relation to 
the macro economical framework. This means that the Kudura could be a triple-win solution 
on a local level. 
 
On a societal level, evaluated through the method of CBA, it seemed like the Kudura could 
potentially also be a societal triple-win solution. This was first of all evident in the fact that 
the CO2 was still reduced significantly by the Kudura in comparison to baseline on a societal 
level. Secondly, the savings increased as well, because besides the savings on a local level, 
there were also savings in relation to saved work time. Finally, the Kudura was more 
economically profitable than baseline on a societal level, as it had a positive NPV in 
comparison to the negative NPV of baseline. With the initial and recurring costs of the 
Kudura included in the CBA, as an example of what would happen if Kenya had to pay for it 
themselves, the NPV was reduced, but was still positive, meaning that it was still more 
profitable than baseline.     
Furthermore in relation to the Kudura in the future, it would be a more sustainable solution as 
a national investment and production made by Kenya for Kenya, which would first of all 
demand technology, know-how and financial assets – this is also in line with what 
Vendeirinho emphasizes.  
 
Though, as some of the assumptions made in this project may influence the project differently 
in real life, other investment options can be important to analyze. The results were according 
to the discussion influenced greatly by the indicators chosen, which must be addressed in a 
further research of the Kudura and its impacts. The indicators were also found to influence 
each other when combined, because they are perceived as equally important in the concept of 
triple-win solutions.   
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In relation to the robustness of this conclusion, I have chosen to exclude the most insecure 
considerations. These would have had a high probability influencing the results of this project 
both in positive and negative ways, and must be taken into consideration in a broader analysis 
of the Kudura.  
To finally conclude there is a potential for the Kudura to be a triple-win solution on both a 
local and a societal level.  
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Origin& Destiny& Distance&(km)& Kg&/&CO2&
Motor%switch,%
AAB%
Oeiras,%Portugal% Leiria,%Portugal% 160% 7,952%
Battery%Block%
12V,%BAE%
Berlin,%Germany% Leiria,%Portugal% 2.787% 138,514%
Water%deposit%
1000%liters,%
Bombas%do%Liz%
Boa%Vista,%
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Decomposer,%
DRT%
Leiria,%Portugal% DRT,%Portugal% 1% 0,025%
Waterproof%case,%
Gewiss%
Italy% Leiria,%Portgal% 2.314% 115,006%
Swtich%plug,%
Gewiss%
Italy% Leiria,%Portugal% 2.314% 115,006%
Water%pump%24V,%
Marco%
Italy% Leiria,%Portugal% 2.172% 107,948%
Resistors%200A,%
MSTE%
Salem,%Germany% Leiria,%Portugal% 2.109% 104,817%
Photovoltaic%
panels,%Open%
Renewables%
Évora,%Portugal% Leiria,%Portugal% 198% 9,841%
Module%IB%CANW
MA%PAC,%Phoenix%
Boeblingen,%
Germany%
Leiria,%Portugal% 2.166% 107,650%
Power%provider%
0.25A,%SCS%
United%Kingdom% Leiria,%Portugal% 1.505% 74,799%
Virex%Pro%1000,%
Seccua%
Steingaden,%
Germany%
Leiria,%Portugal% 2.280% 113,316%
Sunni%Island%
inverter%
12/24/48V,%SMA%
Solar%Technology%
Germany% Leiria,%Portugal% 2.403% 119,429%
Total:& % % 20.414&km& 1.014,575&kg&!
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Appendix 4: Steps in performing a Cost-Benefit Analysis 
 
Depending on the author used, different steps in a CBA can be identified. The introduction below 
will be based on the methodological proposition of A.P. Thirlwall1. The steps included in this 
project are the following: 
 
Step: Specification: 
1. Terms of reference 
 
Deciding the scope and whose benefits and costs to include – and with this the 
limitations. 
2. Identification of the physical 
impacts of the project 
Identify the physical impacts to focus on, and find the indicators of change (which 
can indicate how the indicators change) for those not naturally expressed in 
monetary values. 
3. Valuation of impacts  An appraisal of the social costs and benefits in relation to the project and baseline. 
These can be the social costs and benefits of the market prices, factors of 
production and labor. 
4. The discount rate  
 
The discount rate determines how much to depreciate the present cost and benefits 
to find their present value (thus the higher discount rate, the lower value).   
5. The Net Present Value (NPV) 
 
The Net Present Value sums up the above-mentioned factors, as it sums up the 
discounted costs and benefits, through the time-frame chosen, and can thus 
evaluate whether a project in total yields a positive sum or not.  
6. A sensitivity analysis 
 
This is a chance to change some of the factors (the social costs and benefits 
included, the discount rate or the time frame), and see how they can change the 
result of the NPV.  
Tabel 1: Steps in a CBA (based on Boardman et. al. 1996:7ff & Thirlwall 2006:317ff) 
Below, I will introduce the steps of a CBA more thoroughly than the chapter included in the project. 
To make the chapter more straightforward, I have marked the new aspects with the color blue. 
1.&Terms&of&reference&
This determines the scope of the analysis in relation to whose costs and benefits to include 
(Boardman et. al. 1996: 7). Deciding how far the research should go can be a difficult task, as some 
benefits and costs will be locally bound, while others will be nationally and/or globally influenced 
(ibid: 12).  
2.&Identification&of&physical&impacts&of&the&project&
The impacts for this project have already been chosen on a local level, but as mentioned more and 
different impacts can be identified on a bigger, societal level (such as saved time and secondary 
environmental effects).  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 There can also be included steps of selecting a portfolio of alternative projects (Boardman et. al. 1996: 7), or an 
engineer study to see to what extent the project is technically feasible (Thirlwall 2006: 317).  
 
3.&Valuation&of&impacts&
The impacts must then be monetized. But the market prices of goods or the factors of production 
may not represent their true benefit or cost to society at all – their social cost or benefit – due to 
some unintended indirect impacts these can have.  
Especially three indirect impacts need to be investigated. First the economic impacts (both positive 
and negative) of the project in its near surroundings – these must be unintended, indirect impacts, as 
some project intend to impact their surroundings. Secondly, the price effects at local markets. This 
could e.g. be a lower price, which can indirectly result in consumer surplus, which should be added 
to the overall value of the project – or vice versa if the project results in a higher price. Finally, the 
project can have consequences for the suppliers of the inputs provided to the project (Thirlwall 
2006: 319).  
 
Therefore, the prices must be adjusted to be “socially” accountable (ibid: 319), in relation to the 
economy as a whole (Hanley et. al. 2001: 74). To make the prices accountable for society at large, it 
is important to examine the social costs of inputs, social rate of discount, social costs of an 
investment and social benefits measured at economic (efficiency) prices (Thirlwall 2006: 319). This 
is called an economic appraisal. “Economic appraisal has to do with adjusting costs and benefits to 
take account of costs and benefits to the economy at large, including the indirect effects of projects 
that are not captured by the price mechanism” (ibid: 317). 
 
There are two different methods to value impacts. First through domestic market prices, where 
consumption is used as the measurement, and adjusted to the social values, comparing domestic and 
foreign resources through a shadow exchange rate. This approach is called the UNIDO approach. 
The second approach is using world prices to express the opportunity costs, with public savings 
expressed in their foreign exchange equivalent – this is called the Little-Mirrlees approach (ibid: 
319f). The Little-Mirrlees approach will be used in this project as it is the easiest to work with, 
because the shadow exchange rate given the amount of time, resources and capacity available for 
this project, will be very difficult to find or estimate. Furthermore, even though the foreign 
exchange is chosen as the numéraire (the measuring unit), Little and Mirrlees put emphasis on that 
it does not have to be expressed in foreign currency, but a price that shows how much net foreign 
exchanged is earned (ibid: 320) – in this project all prices will be expressed in US dollars.  
 
 
3.1. Valuing the social costs and benefits of the market prices of goods and factors of production 
Some of the factors influencing the market prices of goods are subsidies, government-imposed 
taxes, tariffs, controls, imperfections in the market, and the positive and negative market 
externalities. Adjusted market prices to their social costs and benefits can be called “economic 
prices”. But how is it possible to find the economic price of a product? Using the Little-Mirrlees 
approach2, the economic price can be valued through, a) its value: If a project reduces imports or 
increases exports, or b) its costs: Evaluating the costs of importing it and analyzing if its 
implementation has led to a decrease in exports (ibid: 322ff).  
 
Following Little and Mirrlees the imports should be measured at their border price (the cost of the 
product in foreign currency, insurance and freight) plus transport and handling costs. The exports 
should be measured through their border price (the amount of foreign currency paid for the 
products) minus transport and handling costs. This is called border parity pricing, and these 
measurements will give the economic price of imports and exports (ibid: 321f). The Little-Mirrlees 
approach has no difficulties in finding the world prices of traded-goods, but on the other hand it 
encounters problems with the non-traded goods, which need a method for converting them into their 
foreign exchange equivalent (ibid: 322). 
 
To convert non-traded goods (goods which do not have a world price) into their border price (their 
economic price), a standard conversion factor (SCF) can be used. The SCF can be expressed as 
following (ibid: 322f):  (!"#)! ! != !!!!(!"#)!
(Standard conversion factor) domestic price = world price (official exchange rate) 
 
The SCF will be the reciprocal3 number of the shadow exchange rate, SER4 (also called the shadow 
price of foreign exchange), which actually makes the UNIDO and Little-Mirrlees approaches be 
alike. The SCF can therefore be found through estimating the SER. But how to calculate the SER? 
It can be expressed in the following equation (ibid: 323):  !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 On the other hand, following the UNIDO approach, the economic price can be found by adjusting domestic prices to 
their true social value and compared to foreign goods through the shadow exchange rate (Thirlwall 2006: 321). 
3 Meaning that when the SCF is multiplied by the shadow exchange rate (SER), it will give 1.   
4 The shadow exchange rate is created due to the fact that foreign currency is a scarce resource in developing countries. 
This will make the demand price higher than the official price of the currencies, which an adjusted price should express 
– the shadow price (Thirlwall 2006: 323). The shadow price is a market price, which is adjusted for distortions and 
divergences (ibid: 320). 
!! = !! !!"!!!"!(!"#)!!! !  
Where PF is the shadow price of foreign exchange, i is the number produced of a good, fi the weights, Pd the domestic 
price, Pw the world price, and OER the official exchange rate. 
 
The valuation of traded-goods can, following Little and Mirrlees, be arranged into three categories. 
First, commodities exported and imported with limitless elasticity of demand and supply. These 
commodities should be valued at border prices, net of taxes etc., and the price of imports and 
exports will not be affected by a change in demand and supply. Secondly, commodities where the 
demand and supply elasticity is less limitless. The import will be limitless, but the demand for 
export will not. This means that the marginal revenue will be less than the price. Finally, 
commodities that are not traded at the moment but are potentially tradable with other trade policies, 
should, following Little and Mirrlees, be treated as traded goods (ibid: 324).  
Elasticity is the relationship between the price and the revenue, and how much the revenue changes 
if the price is changed by 1% (Jespersen et. al. 2007: 74). If a change in the price of 1% results in 
the amount of commodities sold by more than 1%, there is an elastic demand (e.g. luxury goods). If 
the amount it changed by exactly 1% as well, there is a neutral-elastic demand. And lastly, if the 
amount is changed by less than 1%, the demand is not elastic (e.g. necessary commodities for the 
households on a daily basis)(ibid: 75).    
 
The social costs and benefits of the factors of production (consisting of the production factors 
capital and labor) do not express their social costs either. Adjusted market prices for factors of 
production can be called “shadow prices”, and represent the opportunity cost of production, 
measured by the marginal product in alternative uses (Thirlwall 2006: 320f). As mentioned earlier, 
following the Little-Mirrlees approach, the opportunity costs are measured in public savings 
measured in foreign exchange (ibid: 319f). This valuation method will be used to valuate e.g. the 
secondary environmental effects of baseline and the Kudura.  
 
 
 
 
 
3.2. The shadow wage rate – the social costs and benefits of labor 
Following the Little-Mirrlees approach the price of labor is the most important to consider when 
analyzing the difference between the market prices and the societal costs and benefits (ibid: 325). 
The societal costs and benefits of labor are expressed in the shadow wage rate; a measure of what 
labor should include in its costs and benefits to be socially responsible.  
 
The social cost of the use of more units of labor can be measured in two ways: Through the 
opportunity cost of labor in alternative uses (other sectors of the economy), and through the present 
value, PV, of sacrificed savings (ibid: 326).  
First, the opportunity costs of labor in alternative uses can indicate a direct loss of income for the 
workers who migrate from agricultural production to the industrial production (Warr 1983: 240). 
This is because in dual5 economies, which are typically found in developing countries,“[…] it is 
widely accepted that the availability of better income-earning possibilities in the cities is a major 
driving force behind the net flow of rural-to-urban migration observed in most LDCs [red. Least 
Developed Countries][…] More migrants will then come to town than there are job vacancies, and 
[both, red.] open and disguised unemployment become essential features of the urban labor 
market” (Renard 1983: 401). To exemplify, following Jespersen et. al. (2007) the assumption made 
here is that capital and labor are limited resources, and that they are fully utilized – as the 
movement of labor from one sector to another will be a zero sum game, and therefore a movement 
of labor to the industry will be an opportunity cost to the other production sectors (such as 
agriculture). It will therefore be a battle for the production factors, capital and labor. As Jespersen 
et. al. mention, in a real situation all production factors (capital and labor) will never be 100% fully 
utilized, and therefore a move of labor from one sector to another would have no opportunity costs 
for either of them, as it would just mean that a person would not be unemployed (Jespersen et. al. 
2007: 18f).  
Secondly, the reason for including savings in the measurements of the social costs of labor is the 
belief of Little and Mirrlees that savings are socially more valuable than consumption, and thus the 
distribution of income on respectively savings and consumption should be included in the social !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 This is also called dualism - the coexistence of a traditional and modern production sector, often secluded from each 
other, is therefore related to income inequality (Szirmai 2005: 31). “The main problem of dualism is the economic and 
social gap between the modern and the traditional sector. The modern sector is oriented towards the outside world, 
rather than to domestic society. There are hardly any linkages between the modern sector and the rest of the economy 
and society. Thus, a developing country as a whole does not profit much from the technological and economic 
development in the modern sector. Also, a traditional hinterland can form an obstacle to the further development of a 
modern sector which is relatively small in size” (ibid: 78). 
costs of labor. Said differently, the move of money from savings to consumption (changing the 
propensity to consume) is therefore a cost – called the premium on saving (Warr 1983: 240ff). As 
mentioned, the propensity to consume is perceived to be steady for now in this project.  
The social cost of labor can then jointly be expressed in the following equation (Thirlwall 2006: 
327):  !! !+ !!(!!− ! ) = The social cost of labor 
PA, The opportunity cost of labor (the production forgone in alternative uses) + the total increase in consumption (C, the 
increase in industrial consumption minus m, the fall in consumption in agriculture, as labor migrates) 
= The social cost of labor 
 
The social benefit of labor, is: PI + ((C - m) / S0), meaning the marginal product of the project plus 
the increase in consumption (where S0 is the saving or future consumption in relation to present 
consumption) (ibid: 327).  
 
The optimal shadow wage rate for both the social costs and benefits of labor is when labor is 
employed to the point, where the social benefits equal the social costs. “That is, the shadow wage 
rate is equal to the loss of agricultural output (PA), plus the increase in consumption (C - m) less 
that part of the increase in consumption that is treated as a benefit (C – m)/S0” (ibid: 327). The 
shadow wage will depend on the value of S0. But how can we value the future consumption in 
relation to the present consumption? Little and Mirrlees suggest to “[… ]take a time horizon 
acceptable to society and to calculate the present value of the future consumption gains arising 
from investment now, relative to the current consumption sacrifice” (ibid: 328). They use the 
following equation: 
!! = ! !!(!+ !)!!!!! !!  
Where T is the time horizon, i is the discount rate and C the increased consumption in industry. 
 
For a more general formulation of the shadow wage rate to include the possibilities that 
consumption and/or savings may be less than unity, and that the consumption in agriculture may not 
fall with the exact size of labor migration (e.g. due to the marginal propensity to consume 
(Jespersen 2009a: 65)), the optimal shadow wage is therefore (Thirlwall 2006: 329);  
!!! = !!!! + ! !! + !!∗! !!! −! − !! !− !!! !− ! !!!  
PA being the loss of agricultural output, c the marginal propensity to consume out of wages, (PI – W) the profit per 
worker, C* the marginal propensity to consume out of profits, C’ the marginal propensity to consume for those 
remaining in agriculture. 
Following Little and Mirrlees the decreased agricultural production and the increased industrial 
consumption must be valued at world prices, and as mentioned earlier as either traded or non-traded 
goods (ibid: 329).  
4.&The&discount&rate&&
 
Discounting addresses calculating the future costs and benefits during a lifetime of a project into 
their present values (PV). The purpose of this is based on the believe that “[…] the value of the 
[economic, red.] flows must then be discounted to obtain their present value because everything has 
an opportunity cost. To have £100 next year is not the same as having £100 at the present, because 
£100 now could be invested at a rate of interest, say 10 per cent, to give £110 next year. The future 
and the present are made equivalent by discounting future sums by the rate of interest” (ibid: 318)6.  
Discounting is mostly relevant for the ex ante CBAs, as it is a way of indicating what the price of 
e.g. fresh water in 10 years is worth today (Hanley et. al. 2001: 76f). If a forecasting for costs and 
benefits for the future is made, forecasting errors due to a future innovation of technology, change 
in weather conditions or economic conditions can affect the project in unpredictable ways. In the ex 
post CBA (the one used in this project) this is done by looking at the actual results compared to the 
costs and benefits that would have been without the project (e.g. technological innovation that could 
affect the prices)(Boardman et. al. 1996: 430f).  
Following the Little-Mirrlees approach, the social rate of discount (the rate of discount in relation to 
the economy as a whole (Hanley et. al. 2001: 74)) can be measured through public saving. In this 
case, “[…] the appropriate discount rate is the rate at which the marginal utility of public saving 
falls. This rate is termed the accounting rate of interest (ARI), which should equal the rate of 
return on public money” (Thirlwall 2006: 325).   
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 Following the Little-Mirrlees approach, the social rate of discount (the rate of discount in relation to the economy as a 
whole (Hanley et. al. 2001: 74)) can also be measured through public saving. In this case, “[…] the appropriate 
discount rate is the rate at which the marginal utility of public saving falls. This rate is termed the accounting rate of 
interest (ARI), which should equal the rate of return on public money” (Thirlwall 2006: 325). As this will be very 
difficult to find, it will not be included in this project.  
 
5.&The&Net&Present&Value&(NPV)&
 
The NPV can be used to evaluate if a project is socially benefitting or not, through establishing a 
criteria for project approval of NPV > 0, which would mean that it improving social welfare 
(Hanley et. al. 2001: 78). The NPV consists of valuing the investment costs, the operating costs 
(raw materials and labor), the value of the output (sales), and the lifetime of the project (which is 
used to discount). For making the NPV socially accountable, the numbers included should be 
minded at being the social benefit, the social costs of inputs, the social rate of discount and the 
social costs of investments. The following equation can be used to find the NPV (Thirlwall 2006: 
318f): 
!"# = !"− !"!(!+ !)! −!!!!!!  
The sigma signifies the sum of all the years in the lifetime, T – which in this case is 20 years. Vt – Ct signifies the value 
of output minus the operating costs at time t, and therefore expresses the balance between the benefits and costs of the 
project (Thirlwall 2006: 318). If the benefits exceed the costs, the project is efficient in its resource allocation (Hanley 
et. al. 2001: 78). (1+r)t is the discount rate, which is here calculated as (1/(1+0,06))time. K0 is the initial costs of the 
project in the baseline period. Finally, to find the NPV the balance between benefits and costs is depreciated by the 
discount rate. If the NPV is bigger than 0, the project yields a positive return (Thirlwall 2006: 318).  
 
Alternatively a social appraisal of a project can shed a different light over the NPV function. The 
NPV measures social welfare, but not if it is distributed optimally in society (Hanley et. al. 2001: 
78). “Social appraisal has to do with the distributional consequences of project choices, both 
intertemporal (that is, over time) and intratemporal (that is, between groups in society at a point in 
time)” (Thirlwall 2006: 317). The distributional consequences can be measured through comparing 
the present and the future consumption – the value will be increased if gained by the poor, and 
decreased if gained by the rich (ibid: 330f).  
 
The valuation of present to future consumption can be illustrated as follows (ibid: 331):  
 !!!!!  ∙ !!!! = !!! 
Where !!is the marginal increase in consumption to someone at the average consumption level, c the marginal increase 
consumption at level c, g the value of a marginal increase in public income, and the relation d/S0 expresses the ratio 
between consumption level of the poor and the economic growth. 
 
If d = 1, then it refers to an average person or that all gains are distributed equally. If d > 1, there is 
put greater emphasis on the consumption level of the poor than the rich (which would make d < 1). 
“A high d will lower the shadow price of labour and favour projects that provide consumption 
gains to the poor, and a low d will raise the shadow price of labour and favour projects that benefit 
the wealthy” (ibid: 331).  
But how to find d? d is determined by a utility function (n) of consumption (ibid: 331f), meaning 
the distribution between consumption and saving, as savings have a great social utility as mentioned 
above (Warr 1983: 243). But how should it be decided what the utility function is? Most 
governments assume that the utility function is equal 1, because if a poor persons income is half of 
a rich persons income, then a dollar will be worth twice as much for the poor (Thirlwall 2006: 
331f). “The lower the level of consumption relative to the average, and the higher that n is, the 
higher the distributional weight will be, and the greater the egalitarian [equal, red.] bias in project 
selection” (ibid: 332). This can be illustrated in the following equation (ibid: 332): ! = ! !!!! = !! ! 
Where Uc utilify function of consumption c, ! is the average level of consumption and n the parameter of the utility 
function. The parentheses signifies “[…] utility and consumption at the margin are inversely related” 
 (ibid: 332). 
6.&Sensitivity&analysis&
Finally a sensitivity analysis should be made in relation to the CBA to help analyze the magnitude 
of the impacts of the project, to clarify any uncertainties. It implies considering what the most 
secure, important and uncertain assumptions are (a partial sensitivity analysis), and how changes in 
the uncertain assumptions will impact the final results (a worst and best-case analysis). In relation 
to this, it should be possible to estimate the “riskiness” of the project implementation (a Monte 
Carlo sensitivity analysis)(Boardman et. al. 1996: 196f). The aspects to be considered can be 
changes in the discount rate, quantities and qualities of inputs/outputs, the shadow price of the 
inputs/outputs and finally the lifetime of the project (Hanley et. al. 2001: 80).  
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Appendix&5:&Technical&details&and&local&concerns&in&relation&to&the&
Kudura&!
Technical&details&of&the&Kudura&
Solar electricity 
The photovoltaic (PV) solar panels are delivered by Open Renewables, Portugal (Crespo 2012: 12). 
Depending on the village to be supplied, there are three to twelve panels of 245W each placed on 
the roof of the container, covering 6m2 to 24m2 (ibid: 20). The generated electricity for the PV 
Panels is stored in a 712Ah to 1424Ah, 24V battery bank. The power is transferred from the battery 
to a central monitor, which distributes the electricity to the homes via locally installed electrical 
distribution lines or rural mini-grid (Thuku 2011: 18). The solar electricity provided to the houses is 
given between 05-07 in the morning and 18-23 in the evening. Otherwise the families leave the 
lights on all day (which was experienced during the beginning of the project) and drain the battery 
for energy, which leaves it empty for the night (Vendeirinho 2012). Currently it can provide 120W 
to up to 20 homes on a daily basis, which is enough for two lamps, mobile phone charging, a radio 
and a small TV. This small amount of electricity is sufficient to cover the basic needs of a rural 
family in Sidonge (RVE.SOL: Link 2).  
 
The container is also equipped with a 5500W diesel generator, which will be used 4-8 hours a 
month to recharge the batteries 100 % (Thuku 2011: 18). This is recommended by the manufacture 
of the batteries called BAE in order to maintain the lifetime of the batteries (ibid: 34).  
 
Biogas 
The biogas plant is custom-designed with a continuous-type digester that digests in a temperature-
monitored system (also called an anaerobic digestion in the thermophilic temperature range). This 
creates an ideal environment for thermophilic bacteria to breed that feed on organic material, in this 
case cattle manure, which releases the methane that is captured inside the cattle manure. A 
hydrogen sulfide (H2S) filter or scrubber removes poisonous hydrogen sulfide from the gas 
(RVE.SOL: Link 3), and when the gas is ready it is stored in an underground tank, from where it 
can be distributed to the homes via small containers. The gas generation, distribution and storage 
education of the gas vendors and limitation of access to the operation area are performed to reduce 
the risk of gas emissions and related dangers as well (ibid: 34).  
 
The system demands low maintenance. It can provide up to 4000 liters of biogas daily, which has a 
methane content of minimum 65%7. This will be sufficient for 10 families, 3 hours a day, using 125 
liters/hour on a single burner stove. The biogas from the hub will cut the dependence of the 
firewood and charcoal, which is more environmentally sustainable and healthier for the families 
(RVE.SOL: Link 3). The biogas system is, due to higher digestion temperatures able to deliver 
250% more biogas with a higher percentage of methane from cattle dung, than the currently used 
in-ground biogas systems used throughout the developing countries (Thuku 2011: 20). 
 
Organic fertilizer 
The organic fertilizer is a bi-product from the process of biogas, and consists of the digested organic 
material (the digestate), which is rich in nutrients such as nitrates and phosphates. This is what 
fertilizer normally contains, and if applied to the agricultural lands in the right way, it can add a 
higher quality and quantity to the crop yield (RVE.SOL: Link 3).  
 
Purified water 
The ultra filters and filtering equipment is made by the German firm Seccua GmbH and meets the 
regulations and requirements for membrane filtration that removes virus, bacteria and parasites with 
99,99% effectiveness. The water purification system contains a 16m2 filtering area, which can filter 
the water with a rate of 1200 liters/hour. Furthermore it has a 1000 liters buffer tank that both stores 
and pre-treats raw water with ultra-violet light. The purification system is on-demand and force-fed 
(meaning that you have to put water in to get water out) and can dispense 5, 10 and 20 liters at a 
time in less than 80 seconds (ibid: Link 1). The water filtration system is capable of providing 3000 
liters of clean water per day, meeting the WHO recommended 5 liters a day/person for all the 600 
inhabitants of Sidonge (Crespo 2012: 16).  
 
 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!7!A biogas with the content of 50% of methane or more is called raw biogas, as it is not refined/purified yet. The 
difference between raw and purified biogas, is its level of energy – the energy of purified biogas is stronger than raw 
biogas (Martins das Neves et al. 2009: 1148).   !
The telemetry monitoring system 
The telemetry system is the last function of the hub. “[…] A central monitoring system monitors 
and controls system function and provides remote telemetry (management and diagnostics) via a 
GPRS wireless data connection to… [the] centralised server. Real-time, 24×7 remote data access 
allows monitoring of all deployed systems and, where necessary, provides for intervention to 
guarantee “quality of service” to our consumers” (RVE.SOL: Link 4). More specifically, the 
purpose of the monitor is to make the different services work together – like the solar power, the 
battery and the water filtration (that needs electricity to work) (Vendeirinho 2012).  
It can monitor the amount of solar power generated, the amount of electricity used, the battery 
charge status, the water filtration status, and the pressures and temperatures of the biogas system 
(RVE.SOL: Link 4).  
Local&concerns&for&the&implementation&of&the&Kudura&
Through some questionnaires made by Green Eco Consultants Limited in Kenya, some concerns 
from the villagers of Sidonge were expressed. The first concern is regarding the distribution of 
electricity lines to the outskirts of the village, as Sidonge is a far spread village. Another concern 
was about the costs and durability of the Kudura (Thuku 2011: 36). Another highly important 
concern was one of shortages of cattle manure – with a shortage of this; the machine will not be 
able to produce biogas nor fertilizer. Also the lack of highly skilled labor was raised (ibid: 40). 
Some villagers also questioned the safety of the biogas system and its possible methane emissions 
(ibid: 45). The maintenance is also a concern for the village, as they cannot perform it themselves – 
and furthermore the costs of the services, the installation and how to make this work in the future 
were raised as concerns for the future (ibid).       
 
A research organization based in Nairobi, Kenya called Own & Associates, who have carried out a 
baseline study of the area on the behalf of RVE.SOL, finds the project of the Kudura relevant to 
fight the current problems in the area, and if implemented and monitored effectively it can empower 
the people and change their lives for good (Nyamolo 2011: 4f). They state, “…the quest for energy 
for domestic use is a major consumer of household time and expenditure that could be spent more 
productively if households were more energy secure. There is definitely a demand for new, reliable, 
cleaner and economically viable forms of energy” (ibid: 21).  
 
(
Bibliography:(!
Reports: 
Crespo, Tiago José Silva 2012: Environmental Impact Strategy of the KUDURA, University of 
Coimbra, Portugal 
 
Nyamolo, Abagi “Irene” 2011: Household socio-economic survey, Own & Associates: Center for 
Research & Development, Nairobi, Kenya 
 
Thuku, Primerose W. 2011: Proposed Installation of Bio Energy Unit of Biogas and a Water 
Purification Unit using Solar in Sidonge Rural Village in Busia District, Green Eco 
Consultants Limited, Nairobi, Kenya 
 
Articles 
Martins das Neves, Luiz Carlos et al. 2009: Biogas Production: New Trends for Alternative Energy 
Sources in Rural and Urban Zones, pp. 1147-1153 in “Chemical Engineering & 
Technology”, Volume 32, Issue 8, September 2009 
 
Internet Links: 
RVE.SOL (Rural Village Energy Solutions) 
Leiria, Portugal & Nairobi, Kenya 
www.rvesol.com 
• Link 1: Water Purification System, http://www.rvesol.com/rural-village-energy-
hub/water-purification-system/, accessed 30/8-2012 
• Link 2: Solar Photovoltaic System, http://www.rvesol.com/rural-village-energy-hub/solar-
photovoltaic-system/, accessed 30/8-2012  
• Link 3: Biogas System, http://www.rvesol.com/rural-village-energy-hub/biogas-system/, 
accessed 30/8-2012 
• Link 4: Central Remote Monitor and Telemetry System, http://www.rvesol.com/rural-
village-energy-hub/central-monitor/, accessed 30/8-2012 
 
Connections: 
Vendeirinho, Vivian 2012: A Skype interview with Vivian Vendeirinho, the founder and manager 
of RVE.SOL, the 4th of September 2012.  
(
  
Appendix 6: To scale-up the idea of the Kudura in the future 
 
The discussion of scaling-up the Kudura should also imply considering what the developmental 
transition actually demands and thus who can do it, as the developing countries already experience 
many barriers to development. Is it a good idea for them to start developing in a way, which 
demands even more than usually – to deviate from baseline activities and towards high-tech 
solutions - where they can experience barriers in both the production and funding areas?  
1.&Reaching&all&the&villagers&of&Sidonge&&
At the moment the Kudura is not able to meet the demands of all the families in Sidonge. To scale 
up the Kudura there are two alternatives: Building a bigger Kudura8 or implementing more than one 
Kudura in Sidonge.  
First of all, building a bigger Kudura would demand more space in the village, and there are 
different shipping constraints to the size of the Kudura, which sets a limit to how much bigger it 
could get. One solution here is to get bigger versions of the same technology to generate more 
water, electricity, biogas and fertilizer. This would create a space challenge inside the container as 
well, but as the biogas-system can be placed outside the container, this could partly be eliminated. 
Another challenge with scaling-up the deliverables is that the functions use each other in the 
process - e.g., to scale the water filtration up, more solar power is needed, because the water 
filtration system use solar energy to function. But the solar system should then also be scaled up, to 
meet the higher energy demands in Sidonge – and as this is not the part of the system in the Kudura, 
this would have a major cost effect.  
Secondly, there could be placed more Kuduras in the same village, which would demand more 
space in Sidonge. It is here important to remember, that the more Kuduras implemented, the more 
money should be paid back in the end (Vendeirinho 2012)9.   
2.&Where&can&the&Kudura&be&produced?&
Vendeirinho’s vision is that the Kudura can be produced in Africa for Africa, which could have 
benefits in several ways (Vendeirinho 2012).  
Following Vendeirinho, the biogas- and bio-fertilizer system could easily be produced in Kenya, as 
it is only made of stained steel. The assembly of all the parts within the steel container, the tests of !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8 This would still imply putting more than one Kudura in Sidonge, but could limit the amount of Kuduras needed in one 
place.  
9 In relation to an even broader level, it should also be remembered that the population growth is happening at an 
accelerated speed throughout the world, and there will thus be a growing energy demand, which must be calculated into 
the further future analysis.  
the technology and functioning of the Kudura could also be done in Kenya. Though, the different 
high-tech parts of the Kudura would be difficult to produce in Kenya right now. These include the 
water filtration system10, the solar panels and the batteries for storing the solar energy (Vendeirinho 
2012). This exemplifies the technology- and know-how gap between developed and developing 
countries, which must be addressed to make this solution more sustainable in the longer run. The 
recycling or waste disposal of the Kudura have not been considered in this project, but would have 
to be included in the considerations of a scaling-up of the project as well. The solar panels can be 
recycled in Europe, China and the US, which means that they have to be transported back at some 
point (Crespo 2012: 35). There is a recycling program for the water filters, but on the other hand, 
the durability of the water filters are only between 1-4 years, which means that they have to be 
replaced regularly11.  
 
If the entire Kudura could be produced and assembled in Kenya, this would, following Vendeirinho, 
employ around 150 people locally in Kenya for one Kudura (Vendeirinho 2012). The charcoal 
industry, on the other hand, generates 400 million US$12 to the Kenyan economy each year, which 
is a significant economic factor for the Kenyan economy. Furthermore it employs 100.000 people, 
which is the 4th biggest employment sector (Bizzarri et. al. 2010: 20). Therefore, if the charcoal 
industry is made more insignificant due to the implementation of alternative energy sources on a 
national level, this could result in an increase in unemployment, which could affect the economy on 
the national level. It must be evaluated what the opportunity cost would be between the jobs lost in 
the charcoal industry in relation to the jobs created through the production of the parts and the 
assembly of the Kudura in Kenya.  
 
In relation to the environmental impact, producing the Kudura close to its destination point could 
cut down the CO2 released in relation to the transportation. Though, a scaling up of the biogas 
system for energy will imply a more intensive cattle breeding, to increase the inputs of manure and 
with this the output. This would have an impact on the environment, as cows produce methane 
gasses daily just by living (Martins das neves et al. 2009: 1152). !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10 The water filtration system of the Virex Pro 1000 Connect from Seccua Gmbh can filter both virus (MS2 Phage), 
Bacteria (B. Subtilis, E-Coli) and parasites (Crypto) from the water with a speed of 1600 liters/hour (Seccua GmbH 
2012: Link 1). 
11 Based on conversation with Yannick Büntig, Project Manager at Seccua Gmbh, the 3rd of September 2012 & Seccua 
(Link 1) & Crespo 2012: 39. 
12 In 2005-dollars. 
3.&Who&can&pay&for&the&Kudura?&
The question of who can pay for the Kudura is essential due to its high initial investment cost. 
Based on analysis 2, the NPV of the Kudura including its initial and recurring costs, yields a 
positive sum, meaning that the villagers could pay back the Kudura through the 20-year lifetime 
through the savings created by the Kudura. This could be through a pay per day13 mechanism – in 
this way pay back the Kudura to RVE.SOL – this would charge the impacted families according to 
which services they had access to. Though, an aspect that it is essential to re-mention here, is the 
fact that the propensity to consume in this project has been assumed to be steady. If this is not the 
case, then the NPV could change to be negative, as the savings would be reduced. Therefore I will 
also explore some other finance options, as these would help make the Kudura more economically 
stable and sustainable, making the change in the consumption pattern less crucial.  
 
Another payment approach is to get the future Kuduras partly financed by being Gold Standard 
Certified. The Gold Standard Certified program is a non-profit program established by WWF in 
2003. The reason for mentioning this is that if the Kudura as a project can be certified as such, it 
can sell its reduction in CO2 as Gold Standard credits to Annex 1 countries for offsetting14, and in 
this way be financially supported in the future. This can be a way to make the project economically 
self-sustaining (or at least partly). Due to the high quality and reliability of the Gold Standard, there 
is a higher end-buyer demand. As it sets high standards for certification, it has a high creditability 
(The Gold Standard Foundation: Link 1 & 2).   
To be Gold Standard certified a project is marked as a best practice in relation to mitigating CO2 
greatly, and furthermore benefitting with other sustainable development solutions. Kenya is eligible 
as a country for the Gold Standard CDM certification (UNFCCC: Link 6). The Kudura fits under 
the category of being a “Renewable Energy Supply”, meaning that it provides energy services from 
non-fossil and inexhaustible energy sources (The Gold Standard Foundation 2012: 18). The Kudura 
furthermore does not receive any Overseas Development Assistance (ODA) from OECD, which 
would following the directions of the Gold Standard program, make it un-qualified for being part of 
it (ibid: 20). The project has to reduce more CO2 than would have happened under a “Business-as-!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13 In a future investigation of the project, it could be relevant to evaluate the different payment methods used, to find the 
most cost-effective and socially sustainable one.  
14 Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia, European 
Union, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, Liechtenstein, Lithuania, 
Luxembourg, Malta, Monaco, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian Federation, 
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, United Kingdom of Great Britain and Northern 
Ireland and United States of America (UNFCCC: Link 5). 
usual” scenario (which the Kudura has been analyzed to do in this project), and has to be dependent 
on the finance from the sale of these CO2 credits to be financially consistent (which it is as well). 
The special requirement of the Gold Standard credits, is the inclusion of sustainable development as 
a whole, and thus the project is required to include changes on all three levels: social, 
environmental and economical (ibid: 23).     
 
Furthermore, there has already been a donation to the next Kudura, which is being located at the 
Daraja Academy in Nanyuki, Kenya. The donation is from the Seccua GmbH company, who 
develops the water filtration systems to the Kudura, and is of €6,000 (around 7800 US$)(RVE.SOL: 
Link 1), which can contribute economically to the next Kudura.  
Concise conclusion 
To scale up the Kudura in the future will require a high level of know-how and financial assets. The 
financial assets could both continue as foreign investments, be a governmental investment or be 
partly financed by other mechanisms. Though, to make it nationally integrated and sustainable in 
the long run, the Kenyan government would have to play a role in investing in the future Kuduras in 
some way, or finding ways to produce it.  
It is important to remember that a possible scaling-up of the Kudura into other locations and 
situations with other demands must be done with caution, as no size fits all, which has been 
mentioned several times by Vendeirinho and during the Rio+20 (Vendeirinho, 2012). 
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